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This  report  deals  with  progress  in  studies  first  reported  in  the 
two  preceding  reportso  It  is  divided  into  5  secti  ns,  each  of  which 
incliTdes  a  type  of  tumor  arising  spontaneously  or  induced  in  laboratory 
mice*  These  tumors  were  selected  for  study  because  they  presented  oppor- 
tunities to  study  biological  factors  involved  in  the  development  and 
growth  of  tumors. 

Skin  Tumors 

This  work  was  started  following  requests  from  varioiis  investigators 
who  were  interested  in  testing  fractions  obtained  from  tobacco  for 
carcinogenic  activity.  All  wished  to  employ  skin  painting  procedures 
but  there  was  a  lack  of  evidence  concerning  the  relative  susceptibilities 
of  inbred  strains  of  mice  to  induced  skin  tumors. 

The  investigation  consisted  of  the  application  of  a  benzene 
solution  of  a  carcinogenic  hydrocarbon  (methylcholanthrene)  to  the  skins 
of  the  inbred  strains  maintained  in  this  laboratory.  Maj  or  findings  were 
described  in  the  report  for  1952.  Strain  I  mice  were  found  to  be  highly 
susceptible  to  induced  papillomas. 

During  this  year  histological  diagnoses  of  approximately  half  of 
the  induced  tumors  were  obtained  slowly.  These  showed  that  approximately 
90^  of  the  tumors  were  malignant  neoplasmso 

Since  the  primary  objective  of  the  experiment  was  attained  this  work 
will  be  completed  when  all  tumors  have  been  diagnosed.  An  effort  may  be  made 
to  ascertain  th©  dose  response  of  strain  I  mice  to  from  1  to  8  skin  paintings  of 
(PLEASE  ADB  SHEETS  AS  NECESSARY  F<Sl  CONTIKUATION)  the  carcinogen. 


Liver  Tumors 

This  work  was  disc-assed  in  the  last  report.  A  single  mouse 
strain  (strain  C3H)  "was  used  to  ascertain  the  genetic  and  envircn- 
mental  factors  influencing  the  occurrence  of  spontaneous  and  induced 
hepatomas.  It  is  believed  the  results  of  this  investigation  offer 
an  opportunity  to  study  mechanisms  involved  in  the  occurrence  of 
hepatomas  in  experimental  animals <» 

During  the  year  histologic  diagnoses  were  obtained  of  a  number 
of  these  hepatomas  which  were  transplanted  during  the  course  of  the  study. 
Of  hh   hepatomas  which  were  transplanted  into  C3H  mice  U2  were  carried 
through  U  to  6  transplant  generations*  Seven  of  these  hepatomas  were 
transformed  to  tumors  of  a  different  type  or  revealed  interesting  growth 
characteristics*  These  7  tumors  are  discussed  in  details 

Six  arose  in  mice  that  had  received  carbon  tstrachJ.oride»  All 
these  primary  tumors  showed  the  usual  gross  and  histologic  morphology 
of  hepatomas  in  mice* 

The  first  was  transfonaed  to  a  fibrosarcomao 

The  second  was  divided  into  2  lines© 

Line  A  was  transformed  to  a  tumor  containing  areas  of  fusiform 
cells  with  collagenous  fibers  and  also  areas  of  anaplastic  tissue. 

Line  B  developed  areas  showing  a  glandular  pattern  with  rows 
of  cuboidal  cells  having  no  resemblance  to  hepaticscellSo 

The  tlurd  was  transformed  to  a  tumor  containing  both  fusiform 
cells  and  cells  resembling  those  of  the  primary  hepatomae 

The  fourth  wag  divided  into  2  lines* 

Line  A  remained  a  pure  heptaoraao 

Line  B  was  transformed  to  a  fibrosarccanao 

The  fifth  developed  into  a  rapidly  growing  hepatoma  which  attained 
a  large  size  within  2  to  3  weeks*  It  retained  the  gross  and  histologic 
appearance  of  a  hepatoma.  It  has  been  sent  to  vsrious  laboratories. 

The  sixth  also  developed  into  a  rapidly  growing  tijmor.  It 
changed  remarkably  in  its  gross  appearance  but  retained  the  bisto logic 
appearance  of  a  hepatoma. 

The  seventh  tumor  arose  in  a  mouse  that  had  received  o-aminoazotoluene« 
The  primary  tumor  resembled  the  usual  hepat-oma*  Three  lines  were  es- 
tablished* The  first  remained  pure  hepatoma^  The  second  became  a  mixture 
of  hepatoma  tissue  and  a  glandular  type  of  tissue*  The  third  became  very 
complex*  It  contained  persisting  hepatoma  tissue,  masses  of  osteoid  tissue 
and,  on  occaa.  on,  areas  of  in_filtration  with  normal  appearing  lymphocsrtes* 
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The  transformation  of  hepatomas  to  other  tumor  types  presents 
an  opportunit7  to  study  the  biochemical  changes  involved  -when  the 
transplanted  t-umors  remain  hepatomas  or  change  to  annew  type  of  tumor. 

Breast  Tumors 

The  preceding  report  contained  the  results  of  an  effort  to 
produce  breast  tumors  in  mice  free  of  the  mammary  tumor  agent*  The 
experiment  is  now  completed,  Male  mice  free  of  the  mairLmarj  tumor 
agent  were  castrated  at  2  months  of  age  and  then  given  20  per  cent 
stilbestrol  pelletso  A  variety  of  inbred  strains  and  their  hybrids 
were  tested  andjof  thsse^mice  of  strain  C3H  and  F-,  hybrids  derived  • 
from  strain  C3H  and  Strains  C  or  R3  were  the  most  susceptiblec 

It  is  of  interest  that  the  strains  and  hybrids  susceptible  to  the 
estrogen  induced  tumors  are  also  susceptible  to  tumors  produced  with 
the  agent.  This  suggests  that  the  hormones  and  agent  react  similarly 
with  the  cell  before  it  becomes  malignant  and  explains  why,  in  mice, 
a  combination  of  hormonal  stimulation  and  agent  is  most  ei-fective  in 
producing  tumorso  This  intricate  relationship  does  not  exist  between 
susceptibility  to  chemically  induced  tunorso  An  inbred  strain  of  mice 
may  be  resistant  to  the  developJient  of  spontaneous  breast  tumors  but 
susceptible  to  chemically  induced  breast  tumors  and  vice  versao 

The  course  of  this  study  is  obvious-  Now  that  the  ^propriate 
test  animals  are  known  efforts  to  control  the  development  and  growth 
of  these  horm.one  dependent  tumors  may  be  atteTipted,  These  tumors  may 
resemble  more  closely  those  occurring  in  h^jmansa  Virtually  all 
spontaneous  breast  tumors  in  laboratory  mice  contain  the  mammary  tumor 
agent» 

Interesting  data  concerning  inbred  strain  R3  are  now  available. 
A  litter  of  these  mice  was  procured  in  19U5o  They  were  difficult  to 
maintain,  developed  breast  tumors  sporadically  and  were  not  100^ 
susceptible  to  their  own  transplanted  breast  tumors.  Twenty  generations 
of  selective  inbreeding  were  carried  out  and  a  vigorous  substrain  has 
been  developed  which  shows  a  breast  turior  incidence  of  virt'oally  100^ 
in  breeding  and  virgin  females..  Thus  far,  I  have  not  found  any  data 
concerning  the  incidence  of  breast  tumors  in  virgin  R3  females.  One  author 
states  that  they  develop  few  tumors  but  there  are  no  supporting  data. 
It  appears  thatoursubstrain  of  R3  mice  is  as  susceptible  to  the 
development  of  breast  tumors  as  is  oixr  substrain  of  C3Fii 

An  agent  free  line  of  R3  mice  is  not  developing  breast  tumors  and 
has  proved  to  be  highly  susceptible  to  the  agent  from  wild  house^miceo 


Gastric  Lesions  ^ 

It  is  regretted  further  progress  on  last  year's  report  cannot 
be  giveno  All  mice  have  been  killed  and  the  material  is  awaiting  histo- 
logic study*  As  stated  in  the  previous  report  lesions  of  interest  were 
obtained  in  backcross  mice  procured  by  mating  strain  I  to  Ft  hybrids 
obtained  from  strain  I  and  strain  BrS. 

The  results  of  our  work  become  more  interesting  in  view  of  a 
report  from  South  Africa  that  a  species  of  mouse  has  been  discovered 
which  reveals  a  high  incidence  of  gastric  cancer* 

Testicular  Tumors 

This  work  was  mentioned  briefly  in  the  last  report.  The  objective 
is  to  study  the  development  and  growth  of  hormone  dependent  tumors  ir 
an  organ  which  is  accessible  and  offers  advantages  over  other  similar 
tumors  in  experimental  animalSo 

Strain  C  males  when  2  months  of  age  received  a  20^  stilbestrol-cholest- 
erol  pellet  subcutaneouslyo  It  was  planned  to  remove  the  pellets  after 
they  had  been  implanted  for  2,U,6,8  or  10  months  to  ascertain  the  length 
of  time  necessary  for  the  induction  of  testicular  tumors  and  to  determine 
whether  testerone  pellets  could  reverse  the  changes  initiated  by 
stilbestrol» 

This  procedure  could  not  be  followed  because  mary  mice  developed 
testiciTlar  ttimors  within  U  to  6  months  after  receiving  the  stilbestrol 
pelletSo  Consequently  the  original  experimental  design  was  altered  and 
interesting  results  are  being  obtained*  These  are  summarized  briefly 
below o 

It  must  be  kept  in  mind  that  the  word  "tumor"  is  used  here  in  its 
broadest  sense  and,  thus  far,  none  of  the  tumors  has  been  diagnosed 
microscopically, 

1«  The  procedure  produces  a  high  incidence  of  testicular 

tumors »  A  number  of  mice  develop  bilateral  tumors.  These 
are  excellent  test  animals  for  one  or  both  testicles 
are  removed  and  used  for  transplantatione  Operative  pro- 
cedures with  these  tumors  are  extremely  easy* 

2=,  The  presence  of  a  tuir.or  is  easilj""  detected  and  its  growth 
easy  to  follow  by  measuring  the  size  of  the  testicle. 

3»  Wiqtl   pellets  are  removed  from  mice  with  testicles  10  mm  in 
length  the  tumor  usually  regresaesc  However,  if  these  mice 
are  given  another  pellet  It  months  after  the  testicle  has 
receded  to  normal  size  they  develop  a  tumor  within  the 
same  testicle  within  one  month.  This  suggests  that  the 
change  toward  malignancy  has  been  held  in  abeyance  only  by 
removal  of  the  first  oellet  and  is  reactivated  by  the  secorl* 
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U«     At  present  it  appears  that  a  trnior  has  reached  a  critical 
size  when  the  testicle-is  12  im  in  lengtho    When  pellets 
are  removed  from  these  mice  some  of  the  tumors  coStintie 
to  develop  and  others  recede.     This  indicates  that  the 
attainment  of  independence  in  these  truaors  can  be  ascertained 
without  difficulty, 

5.     Thus  far,  tumors  have  appeared  in  22  mice  after  their  pellets 
were  ranovedo     The  time  between  removal  of  the  pellet  and 
appearance  of  a  tumor  has  besi  from  1  to  12  raonthso     These 
mice  are  of  exceptional  interest  for  they  show  that  continu- 
ous administration  of  the  estrogen  is  not  essential  for  the 
induction  of  all  testicular  tumors.     Some  of  these  tijiaors  have 
occurred  in  mice  carrying  testosterone  pellets, 

6e     Sixty-nine  tumors  have  been  transplanted  to  determine  whether 
they  wil3.  grow  only  in  estrogenized  hosts  (dependent)  or 
whether  they  are  no  longSr  dependent  upon  the  hormone.     Of 
20  transplanted  from  mice  that  were  carrjring  a  pellet^  9  failed 
to  grow  vithin  a  period  of  6  months,  11  were  dependent  and  none 
was  independent.     These  findings  are  in  accord  with  virtually 
all  reports  dealing  with  dependent  tumors  in  experimental 
aniraals» 

Of  U9  that  had  continued  to  grow  after  removal  of  the  pellets  12 
have  failed  to  grow,  18  were  dependent  and  19  were  independent.     These 
findings  are  not  final  for  mary  tumors  have  not  been  transplanted  into 
first  generation  hosts  for  6  months  -  an  arbitrary  time  limit  for  this 
part  of  the  study. 

It  is  planned  to  carry  each  dependent  tumor  through  !i  transplant 
generations  only  to  see  whether  it  will  becos^  independento     When  a 
tumor  has  proved  to  be  independent  it  is  discontinued.     This  procedure 
is  essential  because  of  the  work  and  time  involved. 

The  course  of  this  investigation  will  not  be  determined  until  the 
final  results  of  the  preliminary  work  are  known  and  analysed. 

Up  to  the  present  time  only  three  new  e^qseriments  have  been 
started.  The  first  includes  the  administration  of  stilbestrol  pellets 
to  2-month  old  F-i   males  derived  by  mating  strain  C  animals  to  other 
strains  maintained  in  this  laboratory.     This  experiment  was  undertaken 
becau'?©  the  strain  C  mice  when  given   stilbestrol  pellets  also  develop 
leukemia  which  is  usually  confined  to  the  thymus  gland.     This  bothersome, 
but  also  interesting  reaction,  may  not  be  so  prevalent  in  F]_  hybrids. 

The  second  experiment  consists  of  giving  stilbestrol  pellets 
to  other  inbred  strain  males  to  ascertain  their  degrees  of  susceptibility 
to  testicular  tumors  and  letikemia. 

The  third  experiment  is  designed  to  study  the  influence  of  age 
upon  the  reaction  to  the  pellets.  Mice  from  1-day  to  l5-months  of 
age  are  receiving  pellets. 
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9.  PRCWECT  I^ISCRIPTION 

Objective ;  This  project  is  an  extension  of  the  work  described  la  a  prelisiinary 
report  for  tha  last  fiscal  year  (Pro^iect  P^port  Ho.  10).  Its  olsJeetiYs  is  to 
proYids  a  icethod  hereby  the  sedirKm-tatioa  "bebairLoTis  of  a  p3?otain  or  a  c(r:5l2X 
macranolesular  particle  J^iy  "be  studied  on  the  basis  of  a  ^5esific  chanl-cal 
property,  even  though  that  protein  or  particle  is  present  in  a  dilute  and  cnide 
prepa3ration.  In  assessing  the  vbIvis  of  this  project,  it  say  be  noted  that 
imtil  now  the  only  stanaardised  procedure  for  the  study  of  sedimentation  be- 
■  havionr  has  involved  the  use  of  the  optical  latraoentrifuSS;.  which  utilizes 
a  non-specific  method  of  analysis  (refractive  index  gradient)  and  requires 
.  relati-/ely  p\3xe  preparations  at  high  concentration.  These  disadrant-ages 
inherent  in"  the  use  of  the  optical  csntriftage  have  been  overcome  by  the  use 
"  ■  of  a  new  and  relatively  simple  technique  of  analytical  centrifugation. 

Methods  g^lovs-i;  Gentrifusation  is  cariried  0"at  is  the  horizontal  sidjig^ng- 
buSEet"XS^'^^^o3T^t-or  of  the  Model  E  Spineo  'oltrasantrif'JSe  at  rotational 
STseeds  razising  froa  3,000  to  40,OCO  r,p.m.  In  or^jsr  to  avoid  convective 
disturbances  within  the  fluid  coltcm,  it  is  necessary  to  accelerate  and 
decelerate  the  centrifuge  at  a  very  slow  rate  and  to  xise  a  slight  sucrose 
concentration  gradient  frcsn  the  tors  to  the  bottca  of  the  fluid  coliam 
(overall  range,  1  to  ifr  per  cent  sucrose).  With  the  aid  of  Mr.  Crisp  and 
his  co-TOrfcsrs,  an  instnament  vas  designed  and  cosstracted  for  the 
reproducible  production  of  uniform  and  linear  concentration  gradients, 
pennitting  the  density  and  viscosity  at  any  point  in  the  fluid  colaaa  to 
be  known  with  accuracy.  After  centrifugation,  the  plastic  centrifuge 
tube  is  carefaI3^  raaoved  frcm  the  rotor  and  placed  in  a  hole  drilled  in 

(please  aw  sheets  as  KECESSARy  FCH  CCHTINUATXOir) 
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a  "block  of  Imcite.  The  tube  is  then  pierced  near  its  Taase  with  a  hypodermic 
needle,  and  a  dense  solution  of  sucrose  is  injected  at  a  slov  and  constant 
rate.  By  this  laeans,  the  entire  fluid  column  is  forced  upward  and  through 
the  perforated  iKase  of  a  plastic  cylinder  fitted  over  the  top  of  the  tube. 
Saaarples  are  removed,  usually  at  about  2  Esa  intervals  and  analyzed  for  their 
enzyme  or  protein  content.  Sedimentation  diagrams  are  constructed  from  the 
analytical  data,  and  the  state  of  dispersity  and  sedimentation  constant  of 
the  inaterial  omder  study  directly  detenained. 

In  a  second  and  sanevhat  simpler  saethod,  the  saterial  is  centrifaged 
in  the  same  vay,  after  \?hiGh  the  plastic  tuba  is  sectioned  near  its  mid- 
point "by  neaas  of  a  pointed  Imife  edse.  The  concentration  of  imterial 
remaining  above  the  plane  of  section  is  detemined  analytically.  This 
paraneter  can  "be  elated  to  the  sediEentation  constant  "byiisans  of  an 
equation  that  has  been  thoroushly  tested  e:cperi]3-sntally.  It  may  be  noted 
that  the  tube-sectioning  technique  gives  sn  avera-^e  sedisantation  constant, 
is  thus  suitable  only  for  monodisperse  ccanpounds,  and  does  not  provide  the 
information  obtainable  froa  the  saiapling  technique. 

Major  Findings; 

As  indicated  in  last  year's  report,  the  study  of  an  extensive  series 
of  essentially  Eonodisperse  ccsrpounds  was  begun  in  order  to  test  esperi- 
mentally  the  mlidity  of  the  above  techniqae.  This  study  vas  ccsapleted 
this  year  (see  publication  (a)  below).  The  sedimentation  behaviour  of 
compounds  with  sedimentation  constants  ranging  between  2  and  2,0O3Svedberg 
(the  latter  particles  being  visible  in  the  light  microscope)  was  deteimined 
by  three  methods,  i.e.,  by  msans  of  the  optical  xHtracentrifuge,  the 
ssjspling  technique,  and  the  tube-^sectioning  method.  The  data  from  all 
three  procedures  ware  in  agreement  within  the  e3q)ected  experimental  error. 
Furthermore,  it  was  shown  that  the  saaspling  and  tube -sectioning  techniques 
were  suitable  for  work  with  solutions  that  were  too  dilute  for  study  in 
the  optical  centrifuge. 

The  next  step  in  the  investigation  was  to  tarn,  frcm  preparations 
of  known  purity  to  grossly  impiare  mixtures.  For  the  initial  sedimentation 
studies  of  crude  prej  ixations,  it  was  desirable  to  select  enzymes  that  had 
been  previously  characterized.' in  purified  states  in  the  optical  centrifuge. 
Yeast  alcohol  dehydrogenase  and  jack  bean  urease  fulfilled  these  require- 
ments (see  publication  (b)).  The  prepasrations  studied  were  simply  extracts 
of  baker's  yeast  and  of  Jack  bean  meal  in  wMch  the  enzymes  were  present 
in  concentrations  of  the  order  of  0.005  per  cent  and  comprised  less  than 
5  per  cent  of  the  total  protein.  Alcohol  dehydrogenase  behaved  essentially 
as  a  ffionodisperse  ccaspound  and  gave  a  sedimentation  constant  in  agreement 
with  values  reported  in  the  literature  for  the  cyrstalline  enzyme.  Urease, 
oa  the  other  hand,  was  not  monodisperse.  It  was  demonstrated,  in  fact, 
that  four  discrete  components  with  urease  activity  were  present  and  that 
only  50  per  cent  of  the  enzyme  sedimented  at  a  rate  ascribed  to  crystalline 
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ureas®.  As  far  as  «e  are  airare,  these  experiaients  comprise  the  first 
exas^le  of  i^lydLspersity  of  an  enzyme  that  can  be  highly  purified.  The 
method  thus  prorldes  a  direct  means  of  attack  on  the  important  question 
concerning  the  physical  state  of  enzymes  under  vhat  might  "be   considered 
"native"  conditions  (i.e.,  before  subjection  to  the  rig«rs  of  purification). 

In  collaboration  with  Drs.  Meister  and  Levlntov,  a  study  -ma  made 
of  a  partially  pvirified  preparation  exhibiting  glutamine  syntfestase  and 
glutamyl  transferase  activities.  The  main  question  to  be  answered  T^as 
whether  the  two  enzyme  activities  were  associated  with  the  same  molecule. 
By  means  of  tube-sectioning  and  saaipling  experiments,  it  vas  found  that 
the  two  activities  sedimented  at  the  smae  rate  and  behaved  as  a  mono- 
disperse  compound.  Examination  of  the  preparation  in  the  optical  centrifuge 
revealed  that  it  was  a  polydisperse  mixture  of  proteins  but  did  contain 
a  ccdsponent  which  had  exactly  the  same  sedimentation  constant  as  that  of 
the  enzyme  activities  and  accounted  for  l8  per  cent  of  the  total  protein. 
It  was  thus  possible  to  correlate  sedimentation  data  obtained  in  the 
optical  centrifuge  with  enzyme  activity.  It  should,  of  course,  be 
mentioned  that  t^ro  enzyme  activities  could  be  associated  with  different 
molecules  of  the  same  molecular  weight  and  dimensions;  this  would  con- 
stitute an  uniisual  situation,  however,  particularly  in  view  of  their 
high  molecular  weight  (s-.   =  13-9  2  10^3). 

Significance  to  Cancer  Research; 

An  obvious  extension  of  the  present  technique  of  aialytical  centri- 
fugation  is  the  more  ccE^lete  resolution  of  intracellular  structures  of 
various  sizes,  leading  to  a  study  of  the  distribution  of  enzymes  and 
other  compounds  of  biologicsQ.  importance  arsong  these  structural  elements 
of  the  cell.  It  has  been  known  for  scsme  time,  for  esasrple,  that  the 
"microscsaal"  fraction  is  a  gross  mixture,  and  there  is  now  scaie  question 
as  to  whether  the  mitochondrial  fraction  is  biochemically  hcanogeneous . 
It  is  still  our  belief  that  one  of  the  few  lutional  approaches  to  the 
cancer  problem,  as  far  as  the  individual  malignant  cell  is  concerned, 
will  arise  from  a  complete  understanding  of  the  biochemical  function  of 
intracellular  structures.  In  another  progress  report,  we  have  described 
the  initial  experiments  in  the  fractionation,  by  means  of  the  sampling 
technique,  of  intracellular  particles. 

Proposed  Course  of  the  Project; 

IMring  the  next  fiscal  year,  a  study  will  be  made  of  the  sedimenta- 
tion behavloiar  of  a  nxasiber  of  apparently  soluble  enzymes  that  have  not 
been  previously  purified  or  extensively  characterized.  The  two  major 
sources  of  these  enzymes  wiH  be  isolated  mitochondria,  and,  if  time 
peiffiits,  the  soluble  fraction  of  the  liver  cell. 
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Drs.  E. 


PKINCIPAL  INV^IGATCEfsT 


C.  Schneider  and  Miss  M. 


OTHEE  INVESTIGATORS' 


Striebich 


PROJECT  DESCRIPTICffl 

Objective:  To  determine  the  distrilmtion  of  ensymes  and  other  corr-oounds 
of  Mocnemical  iBiportar.ce  in  the  cells  of  normal  and  raalisnant  tisk^es, 
with  special  eaitphasis  on  the  biochemical  protserties  of  particiolate  cell 
structures.  Kecent  work  in  this  laboratory  (see  urevioiis  Annual  Report) 
and  elsevhere  has  indicated  that  the  cytoplasiaic  x^articulates  may  fall 
into  a  variety  of  distinct  classes,  more  or  less  hccogeneous  within 
themselves  trxm  a  "biochemical  point  of  view,  but  differing  distinctly 
ftrom  one  another.  Since  further  elucidation  of  such  a  situation  would 
■be  of  ii3^)ortance  in  extending  our  knowledge  of  cell  function,  attention 
has  been  devoted  within  the  past  year. to  the  develojarient  and  application 
of  highly  sensitive  and  precise  methods  for  attacking  this  problem. 

Methods  eaaployed;  Size  distribution  studies  of  enzyme  and  nucleic  acid 
containing  particles  present  in  tissue  hcmogenates  are  carried  out  by 
loeans  of  a  procediire  which  combines  centrifugation  in  a  horizontal  pre- 
parative rotor  (Spinco  SW-39)  with  subsequent  analysis  of  samples 
obtained  from  the  tube  contents  (the  technique  is  described  in  detail 
In  the  Annual  Report  entitled  "Sedimentation  behavior  of  enzymes  and 
O'Uier  substances  in  crude  solutions").  Sedimentation  is  effected  in 
the  presence  of  a  sucrose  density  gradient  sufficient  to  prevent  con- 
vective  disturbances  during  centrifugation  and  sanrp3.ing,  but  small 
enough  to  avoid  major  osmotic  effects  upon  the  particvilate  material. 
Wide  variations  in  t^jiae   and  speed  of  centrifugation  permit  study  of 
particles  with  diaaKsters  ranging  frcsn  0.005  to  0.5  micixna. 


(PLEASE  ADD  SHEE1S  ^   NECESSARY  FC8R  COHTINUATION) 


Page  : 

NCI-to2 

!fejor  findings;  Work  has  "been  carried  out  with  hoaogsnates  of  rat  liver 
in  30^  sucrose.  Size  distriVation  analyses  have  been  raade  of  the  cyto- 
plasmic particulates  exhihiting  the  following  ensjraatic  activities: 
succinic  dehydrogerase,  diphosphopyridine  nucleotide  (DP!l)-cytochrcEse  c  |» 
reductase,  acid  phosphatase,  and  uricase.  In  addition,  the  distribution 
of  ribose  nucleic  acid  (EHA)  has  been  studied.  All  of  the  succinic 
dehydrogenase  activity  "Has  confined  to  a  relatively  monodisperse  grotip 
of  particles  (laitochondria)  with  a  mean  diameter  of  approxinately  0.4 
iBicjron.  About  30^  of  the  DEN-cytochrone  c  reductase  activity  was  also 
contained  in  these  particles;  the  reiaainder  was  associated  with  a  group 
of  much  smaller  particles,  rather  polydLsperse  in  size,  ranging  from 
0.03  to  0.15  micron  in  diasster.  All  of  the  uricase  activity  and 
approximately  70^-  of  the  acid  phosphatase  activity  was  associated  with 
particles  of  a  fairly  narrow  size  i^i^e,  centered  about  0.2  micron 
diasneter.  BEA,   while  present  in  particles  up  to  0.25  laicron  in  dia- 
meter, was  associated  chiefly  with  the  smaller  granxiles. 

Significance  to  canger  research;  The  spatial  arrangeB^nt  of  enzymes 
and  other  materials  within  the  cell  is  now  toown  to  be  of  critical 
iniportance  for  cellular  function.  It  is  therefore  hoped  that  extension 
of  our  knowledge  of  the  intracellular  distribution  of  biochemically 
important  ccmponents  in  both  normal  and  malignant  cells  may  reveal 
differences  of  such  a  degree  as  to  provide  a  rationa^  approach  to 
cancer  therapy. 

Proposed  course  of  project;  The  investigation  of  the  size  distribution 
of  enzyaatically  active  cytoplasaic  particulates  will  be  continued  in 
an  effort  to  determine  whether  these  particulates  fall  into  a  limited 
number  of  discrete,  bioch^iically  honogeneous  groups.  If  such  is  the 
case,  as  appears  possible  on  the  basis  of  results  to  date,  the  study 
^TiU  be  extended  to  cells  in  various  phases  of  growth  (e.g.,  regeneration) 
and  to  cancer  cells. 

Attempts  are  in  progress  and  will  be  continued,  to  correlate  the 
resolLts  of  centrifugal  studies  with  the  findings  obtained  by  electron 
microscopy  of  thin  sections  of  liyer  cells  (see  Dr.  Dalton's  report 
for  collaborative  electron  microscopy) . 
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Title  of  address:  "Recent  Studies  of  the  Relation  Between 
Cell  Structures  and  Cell  Chemistry" . 
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Interrelations  between  nutrition  and  the  incornorati on  of  metabolites  into  the 

proteins  and  nucleic  acids  of  normal  and  malignant  cells  cultured  in  vitro. 
PROJECT  TITLE  ~ — — ,  : :: 


We  Eagle  and  G.  H.  Fogeboom 


PRINCIPAL  INV5STIG;m)R(S) 


OTHER  HfVESTIGATOI^ 


PROJECT  DESCRIPTION 

Objectives  Ae  a  oart  of  Dr'.   Eaglo's  long  range  program  on  the  nutritional 

requirements  of  normal  and  malignant  cells  cultured,  in  vitro ^     we  have  agreed  to 

study  the  rate  of  incorporation  of  labelled  am.ino  acIZs  and  other  compounds 

into  the  proteins  and  nucleic  adds  isolated  from  the  structural  components 

of  the  cultured  cells«     Preliminary  experiments  with  the  Strain  L  mouse  fibroblast 

have  demonstrated  that  the  present  technique  of  cell  fraction  (as  designed  for 

the  liver  cell)  is  qiute  satisfactory  for  vork  with  the  cultured  tissue. 

Some  work  on  the  incorporation  of  radioactive  phenylalanine  into  the  proteins 

of  the  subcelltilar  fractions  has  alreacty-  been  carried  out*  For  further  details, 

see  Dr.  Eagle's  Progress  Report. 
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oxidative  metabolism  in  various  cellixLar  str^jctixres  of  normal  ard  txsnor  tissues. 
PROJECT  TITLE  ^^ ' — _ 1 ^1_ 
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OTHER  INVESTIGiilC^a 


PBOJECT  DESCRIPTION 

Obj active ;     The  isolation  and  purification  of  xanthine  oxidase  from  the  soluble 
jjrotsin  fraction  of  liver  cells  and  the  studr  of  the  properties  of  the  ensTme 
in  normal  and  tumor  tissues. 

Methods  EnsployBd;  The  soluble  protein  fraction  of  li%=-er  cells  tsas  obtained  by 
breaking  the  cells  in  a  homogenizer  and  csntrifuging  the  homogenp.ts  to  remove 
insoluble  proteins.     Xanthine  oxidase  was  isolated  from  the  soluble  protein 
fraction  and  purified  by  employing  methods  of  protein  fractionation  which  gave 
the  highest  yield  and  purity  of  the  enzyvie.     These  methods  ircluded  differential 
centriftlgation^  ammonium  sulfate  precipitation,  heat  treatments,  tryptic  diges- 
tidn  and  calcium  phosphate  gel  adsorption. 

Major  Findings;  A  method  has  been  developed  for  the  isolation  of  highly  puri- 
fied  xanthine  oxidase  from  liver  which  has  been  applied  to  the  isolstion  of  th£ 
en2yme  from  tumor  tissues.  Studies  on  the  properties  of  the  er-S3Tne  indicate 
that  it  is  a  flavoprotein  containing  molybdenum  and  iron  and  that  it  catalyses 
the  oxidation  of  xanthine  or  hyDoxanthane,  reduced  diphosphopjrridine  nucleotides 
and  aldel^de  under  anaerobic  conditions  >/ith  a  dje  as  electron  acceptor.     It  has 
been  found  that  xanthine  oxidase  from  Mouse  Hepatoma  98/l5  oxidi-es  these  sub- 
strates under  similar  conditions  at  nearly  the  same  relative  rates  as  n-rmal 
liver  and  livsr  from  hepatoma -bearing  animals. 

Significance  to  Cmcer  Research;  The  development  of  a  method  for  the  isslation 
and  purif icati  on  of  xanthine  oxidase  from  liver  and  the  study  of  the  properties 
of  the  ourifled  enzyme  constitute  a  basis  for  comparative  studies  on  turr.or 
tissues'.     The  information  gained  from  these  studies  not  only  perrdts  quantitative 
measurements  on  the  amount  of  enzyme  present  in  turner  tissues  with  jattle 
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ing  whether  other  reactions  catalr-sad  by  the  e.na:7S9  in  adcLtion 
to  aerobic  o2:idat5.on  of  xanthina^  occ-ur  and  to  what  sxtent  in 
tumor-  tissueso     If  differencss  ara  found  bsv^aen  ncrr^l  and  tijsior 
tissue,  thes3  differences  might  be  sore  readily  imd^irstood  and 
interpratsd  and  perhaps  even  corrected  in  terrus  of  the  basic  re- 
qnirensnts  of  the  reactionso 

proposed  Research;  On  the  basis  of  information  gained  fron  the 
study  of  pi^xi'ied  iiTsr  xanthine  oxidase,  it  is  oro-oossd  that 
previo'oa  vjcrk  on  the  rednction  of  dinitrophsnol  be  res'jjied  and 
dsveloped  to  includa  investigations  on  the  role  of  molybdenixm  and 
iron  and  other  cofactors  still  unknown  on  one-electron  transfer 
by  xanthine  oxidase  of  liver  and  tmor  tissusso 
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PROJECT  KSCRIPTIOK 

The  objective  of  this  project,  vhich  has  been  initiated  within  the  I'.st  few 
weeks,  is  to  identify  morphologically  the  intracellular  structures  released 
after  disruption  of  the  csll  msmjrjins  and  isolation  by  neans  of  differential 
centrifugation.     The  plan  of  attack  will  be  to  examine  ultrathin  sections 
of  isolated  cell  structures  (after  appropriate  imbedding  and  sectioning) 
in  the  electron  microscope  and,  by  a  comparison  with  sections  of  whole  cells, 
to  determine  definitively  the  morphological  composition  of  isolated  cell 
fractions..     For  further  details  of  preliminary  experiments  and  projected 
plans,  see  Dr.  Dalton's  Yearly  Progress  Report, 


(please  add  SHEEIS  AS  NECESSARY  FCR  CCNTINUATIOH) 


PROJECT?  IS5PC87  FC51M  (Cont'd) 


Pa^e  2. 


SERIAL  KO, 


BUIX^T  SlASA: 


fS  1955 


E£-TIMA1Si>    [sUIX-nsJ  PCSITIC?'^      t 


ECPSKDITURSS 


214}!  YZAI5S 


i  ?ATI23?T 


[  p:.oj  j  g^iz?  j  tc3al  j   pr^  j  ot^sb  j  tc^al  j     aass 


FY  1956      ^  ^^i  I         \^dX^jrjI^^Jr  \ 


./2 


1/3 


^ 


BUIXST  ACTIVITT: 


RSSEAECH  ,^^ 

RSVISW  It  APFRWAL      £7 


AEMIHISmATICW  /^ 

TECHNICAL  ASSISTAKCE    [J 


yHJIUG  FUSIS,  FACILIT2BS,  CS?  PSRSCSC3SL  FOR  TES  PROJECT  13  EITS2^  1955  or  I956: 

None. 


IP  ibis  E^Otect  iteSZMBIES,  rCMPI^HESTS, '  CR  PABALIi2£  RSSSABCH  D<^1:  ELSST^'HERS 
ni  TEE  PUBLIC  HSAL3S  SERVIOE  (VISSOUT  liiTERCEAHGB  CT  PSRSCSCiSL,  FACILI5I2S  CS 
FWiDS),  BESTIFY  SIX3H  RESSAiRCH: 

None. 
No  entries  for  15,  16,  and  17 


PAGE  1 
PROJECT  BEPORT  FCRM 


National  Cancer  Institute      2.         Laboratory  of  Biology 
IKSTIOWTE  LABCRAICSIY  CB  BRANCH 


CellTilar  Biology  Section        k. ^^^  '^.A^Z-^oh 

SECTim  OR  SSRVICE'  LOCATICSJ  (IF  OTHER  THAN  BSSHESDAJ      S3HIAL  NO 


Electron  inicroscopy  of  normal  aid  malignant  cellso 

PROJEer  Tins 


Albert  J«Dalton  and  Marie  D.  Felix 
PRINCIPAL  IHVESTIGAT{»(S)    . 


OTHER  INVESTIGATCSS 


PROJECT  RESCRIPTICai 

Item  A.     A  study  of  the  Golgi  substance  with  the  phase  contrast  and 
electa^on  microscopes. 

Objectives*  The  primary  aims  of  this  project  have  been  first  to  visualizs 
and  stucfy  the  Golgi  substance  in  living  cells  and  second,  to  determine  the 
finer  structure"   of  the  Golgi  substance  in  fixed  and  sectioned  cellso 

Methods  employed.     Living  cells  of  various  tzrpes  are  dissected  from  the 
animal  seoarated  from  stroma  by  tearing,  sealed  under  a  cover  slip  and 
examined  unstained  or  after  supravital  staining  with  the  phase  contrast 
microscope.     Photomicrogrsphs  are  taken  for  later  reference.     Tissues  from 
various  organs  are  fiy.ed  by  vasciiar  perfusion  or  by  immersion,  dehj'drated, 
embedded  in  plastic,  sectioned  with  a  microtome  adapted  for  ultra-thin 
sectioning  at  approximately  0.02  -  0.05  u  and  examined  with  the  electron 
microscope.     Photomicrographs  are  taken  and  prints  made  at  from  7,000  to 
150,000  diameters* 
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Major  findings.      The  Golgi  substance  was  identified  in  intact 
Ixving  csUs,  followed  during  its  extrusion  from  damaged  cells'' and 
identified  after  extriision  into  the  surrounding  mediim.     This  made 
possible  its  identification  in  homogenates  and  after  isolation  by 
centrifugation  using  a  layering  technique  'Schneider,  Calton  and  Kuff), 
This  has  made  ch^rdcal  analysis  possible.  ' 

An  analysis  of  the  detailed  structure  of  the  Golgi  substance 
of  cells  of  the  epididymis  was  made  with  the  electron  microscope.     It 
was  fo'ond  to  consist  of  three  distinct  and  characteristic  components 
not  fouid  elsewhere  in  the  cell.  Following  this  analysis,  a  series  of 
widely  different  cell  types  was  examined  to  determine  whether  this 
structural  arrangement  could  be  considered  as  typical  of  raaimalian 
cells  generallyo    While  varying  in  detail, the  same  basic  components 
were  found  in  all  cell  t3rpes  exsap-ined.     Using  a  new  impregnation  tech- 
nique  (Ite-m  F),  it  was  foiand  that  all  three  components  are  involved 
in  the  dsvslopneriv  of  the  Golgi  reticulum  or  network  of  classical 
cytology*     Thus,  as  a  result  of  studies  carried  out  in  this  laboratory 
over  a  period  of  several  years,  the  question  as   to  whether  the  Golgi 
substance  actually  axists  has  been  answered  in  the  afiirsiative  and  the 
uncertainty  as  to  the  true  form  of  the  Golgi  substance  has  been  removed. 
These  were  two  questions  which  have  occupied  the  minds  and  involved 
the  emotions  of  cytologists  since  the  first  description  of  the  network 
by  Golgi  in  the  late  19th  centnryo 

This  study  on  the  Golgi  substance,  now  nearly  complete,  was  -part 
of  a  larger  objective.     This  larger  objective  is  to  develop  a  solid 
baseline  of  knowledge  and  understanding  of  the  structure  of  normal 
cellSo   The  field  of  electron  microscopy  of  tissue  sections  is  so  new 
that  this  bass  line  is  still  in  the  process  of  being  laid  down.     This 
base  line  is  essential  in  order  to  approach  the  problem  of  properly 
evalriating  any  basic  morphologic,  chemical  or  physiological  differences 
between  normal  and  neoplastic  cells. 

Proposed  course  of  the  project;     Studies  in  classical  c3rtolos^  years  ago 
suggested  the  possibility  that  the  contractile  vaciiole  of  protozoa 
and  sponges  is  the  homologus  of  the  Golgi  substance  of  cells  of  higher 
aniinaisa     riow  that  the  finer  struct-ars  of  the  Golgi  substance  is  known, 
it  vill  be  possible  to  dsterrdne  iifhether  this  homology  really  exists. 
In  collaboration  with  prof.  J.  Bronte  Gatenby,  University  Zoological 
Dept.,  Trinity  College,  Dublin,  a  comparison  beti^'38n  the  Golgi  substance 
of  vertebrate  cells  and  the  wall  of  the  contractile  vacuole  of  representa- 
tive protozoa  and  sponges  is  being  mads,     preHminary  results  suggest 
that  this  homology  does  hold  and  this  in  turn  gives  a  hint  as  to  one 
of  the  possible  functions  of  the  Golgi  substance,  that  of  c ontrol  of 
water  balance  in  the  cell. 

Item  B.     In  collaboration  with  Drs.  Hogeboom  and  Kuff» 

Objectives;  The  purpose  of  this  project  is  to  use  the  electron 
microscope  as  a  nesns  of  shacking  the  results  of  modifications  of 
centrifugation  techniques  introduced  to  obtain  purer  samples  of 
various  cell  fractionso     The  use  of  the  electron  microscope  in  this 
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project  is  essential  since  many  fractions  consist  of  particles  of 
sizes  veil  below  the  resolving  po^ser  of  the  light  and  phase  contrast 
microscopes. 

Methods  employedt  Cell  fractions  obtained  after  centrifugati on  are 
fixed,   dervdrated,  embedded  and  sectioned,  then  analysed  with  the 
electron  -Picroscope  to  dete^mla*  prrity  o-C  sa:'ple« 

Ka^cT  findLngs;  This  project  has  just  started. 

Significance  to  cancer  research;  This  project  has  primarily  a  service 
function,  i.e.,  to  assist  Drs,  Hogeboora  and  Kuff  in  their  studies  of  the 
chemical  analysis  of  cell  components  of  norinal  and  neoplastic  oellso 

Proposed  com'se  of  project;   It  is  expected  that  this  project  will 
continue  along  present  lines  until  satisfactory  centrifugation  techniques 
are  developed. 

Item  C.     In  collabora«  on  with  Dr.  Eagle. 

Objectives;     The  objective  of  this  project  is  to  study  the  detailed 
morphologic  changes  ■which  result  from  the  re-i^val  of  individual  amino 
acids  and  vitamins  from  the  culture  medium* 

Methods  emplo;/ed;  Dr.  Eagle  has  developed  a  synthetic  medium  consisting 
of  specific  amino  acids  and  vitamins  plus  dialyssd  horse  serum.     The  re- 
moval of  any  one  of  these  amino  acids  or  vitamins  results  in  cessation 
of  growth  and  eventual  degeneration  of  the  culture.     CeD.s  from  control 
cultures  will  be  compared  vith  cells  from  deficient  cultures  and  with 
cells  recovering  from  deficiency.     Cells  grown  on  cover  slips  will  be 
studied  in  the  living  state  with  phase  contrast  and  cells  grown  in 
flasks  will  be  studied  with  the  electron  microscope  after  fixation, 
collecting  and  centrifuging,  det^jrdration,  embedding  and  sectioning. 

Major  findings;   Preliminary  studies  with  phase  contrast  indicate  a 
reduction  in  number  and  diameter  correlated  with  a  great  increase  in 
length  of  mitochondria  of  cells  deficient  in  tyrosine.     Preliminary 
studies  with  the  electron  microscope  indicate  a  dissjpearance  of  the 
internal  membranes  of  mitoc;-ondria  and  an  increase  in  number  and 
complexity  of  arrange  snt  of  the  double  membranes  of  the  ergastoplasm 
or  basophilic  substance  of  cells  deficient  in  tyrosine. 

Significance  to  career  research;     The  striking  changes  demonstrated  in 
these  preliminary  studies  give  reason  to  hope  that  detailed  analysis  of 
the  effects  of  deficiencies  in  this  and  other  amino  acids  and  vitamins 
will  lead  us  to  an  understanding  of  the  part  pla^.-ed  by  these  building 
blocks  of  protoolasm  in  the  formation  of  the  structural  compon^^nts  of 
cells.     Such  basic  knowls^ige  would  be  of  ob^/ious  and  great  LMportance 
in  any  intelligent  approach  to  the  problems  involved  in  the  study  of 
the  growth  and  inhibition  of  growth  and  multiplication  of  malignant  cells* 

ProDosed  course  of  project;   It  is  oroposed  to  determine  whether  a  parti- 
cul^  dei'iciency  affects  neoplastic  cells  differently  from  normal  cells 
and  further,  to  determine  whether  the  changes  observed  to  date  are 
characteristic  of  aiy  deficiency  or  are  specific  for  each  anino  acid 
or  vitamin  deficiency* 
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Itan  B.    GoTnoarison  of  cells  from  tiiraors  grown  as  subcutaneous  transplants 
t-ith  free  trunor  cells  grc-wn  inperitoneal  fluids. 

Objective;  The  purpose  of  this  studj  is  to  determine  what  if  ar^  differ- 
ences  In  cell  structure  result  from  growth  of  tumor  cells  in  these  two 
veiy  different  environments. 

Methods  employed;  For  subcutarsous  tunors,  the  methods  are  similar  to 
those  described  under  item  A  and  for  free  cells  in  peritoneal  fl'oid, 
the  methods  are  similar  to  those  described  under  item  C, 

Major  fjpdings;  Based  on  a  comparison  with  earlier  findings,  very  early 
and  preliru-r.arj  results  suggest  that  a  modification  in  rdtochondrial 
form  and  internal  structure  occurs  «hen  cells  are  grown  in  oeritonsal 
fluid.     There  Is  also  an  indication  of  a  change  in  the  relative  preponder- 
ance of  the  three  components  of  the  Golgi  complex. 

Significance  to  cancer  research;     Thi?  study  is  another  scpproach  to  the 
problem  of  determining  the  factors  which  modify  and  control  tumor  cell 
growth  and  multiplication. 

proposed  courss  of  project;     These  findings  are  merely  suggestive  and 
are  based  on  very  few  experinentsc     It  is  hoped  that  they  will  be  con- 
firrcsd  and  expanded  in  a  continuance  of  this  project  during  tte  coming 
year* 

Item  S. 

Objectives;  On  serial  intraperitoneal  transplants  of  melanoma  S-91 
it  ■sj.as  found  that  a  new  araelanotio  cell  type  appeared,  having  the 
characteristics  of  a  lymphoma,  rather  than  a  melanoma  cell.  This  cell 
outgrew  the  melanoma  cell  and  eventually  replaced  it»     It  seemed  possible, 
by  repeating  this  study,   to  determine  whether  the  new  cell  type  is  a 
mutant  of  the  tuelsTAoraa  cell  0£  whetJier  it  Speared  as  a  salginant  trais- 
formation  of  a  host  cell. 

Major  findings;     The  appearance  of  this  new  cell  type  has  been  observed 
in' 3  separata  axperimentSs     It  dDes  not  grow  well  in  the  peritoneal  fluid 
but  appaars  to  migrate  to  the  spleen  and  Ijrmph  nodes  whsre  it  multiplies 
rapidly  to  produce  a  picture  characteristic  of  lymphosarcoma.  Subcutane- 
ous or  intreper-itoneal  transplants  of  fragT.ents  of  lymph  nodes  or  spleen 
results  again  in  growth  in  spleen  and  lymph  nodes  in  ■ttie  succeeding 
genarationa     It  is  not  an  infection  and  is  not  transplantable  as  an 
ultra-filtrste  -  wholSs  viable  cells  being  necessary  for  successful 
transfer. 

Significance  to  cancer  research;  Answers  to  the  problems  involved  in 
this  project  wo^ild  add  to  our  knowledgs  relating  to  the  concepts  of 
malignant  transformation  and  mutation  of  neoplastic  cells. 

Proposed  course  of  project;  Studies  with  the  phase  contrast  microscope 
have  not  given  an  answer  as  to  the  origin  of  this  cello     It  is  hoped 
that  an  analysis  with  the  electron  microscope  and  a  genetic  analysis 
will  provide  the  answer. 
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Item  F» 


Objectives;     The  objectives  of  this  project  were  two.  The  first 
was  to  develop  a  fixative  which  woiad  give  mors  satisfactory  pre- 
servation of  blood,  peritoneal  fluid  and  tissue  coltm-e  cells  than 
the  fixative  now  in  general  use.     The  second  y%s  to  develop  a 
method  of  impregnation  of  the  Golgi  substance  suitable  for  studies 
with  the  electron  microscope. 

Methods  emplorfed;  Using  tumor  cells  and  normal  cells  growing  in 
the  peritoneal"  fluid  as  test  objects  for  the  first  objective  and 
cells  of  the  epididTinis  as  test  objects  for  the  second  objective, 
several  approaches  to  the  problems  were  made.  The  appearance  of 
the  cytoplasm,  nucleus  and  the  Golgi  substance  on  examination  with 
electron  microscope  being  the  final  check. 

Major  fin&rgst     (A)  The  fixative.     It  was  found  first  that  K2cr207 
brought  to.  neutrality  with  KOH  served  as  an  excellent  buffer  in 
the  pH  range  5.6  to  7»6o     It  was  also  found  that  a  mixture  of  1% 
K2CT2OJ  brought  to  pH  '7»2  with  KOH,  1^  osmic  acid  and  0,8S%  Na  Cl 
gave  excellent  fixation  of  single  cells.  There  was  no  evidence  of 
leaching  out  of  cytoplasmic  or  nuclear  components  after  relatively 
long  periods  of  fixation  and  dehydration  and  relatively  little  damage 
from  polymerization  of  the  embedding  matrixo     (B)  The  imoregnation 
method.  Second,  it  was  found  that  fixati  on  with  veronal-acetate 
buffered  osmic  acid,  followed  by  a  short  rinse  in  distilled  water, 
followed  by  incubation  at  37°  C  in  2^  osmic  acid  brought  to  neutral- 
ity with  a  minimum  of  buffer  gave  good  preservation  of  cytoplasmic 
detail  and  also  selectively  impregnated  the  Golgi  substance. 

Significance  to  cancer  research;  The  development  of  the  new  fixative 
and  the  impregnation  method  have  -lade  feasibla  and  guarantee  more 
satisfaotorj-  results  in  the  investigations  involved  in  all  $  of 
the  projects  previously  presented. 

Proposed  course  of  project;  This  project  is  completed,  except  for 
minor  modifications  under  special  conditions. 
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PUBLICATIOiS  OTHER  TEAN  ABEISACTS  ISCM  THIS  H^OJSCT  DURING  CALE2IDAR  ffiAR  195^: 

Cytologic  and  cjrt.  chemical  characteristics  of  the  Gclgi  substance  of 
epithelial  cell?  Of  the  epidid^Tis  -  in  situ  in  hoKo^enates  and  after 
isolation.     A«      .Dalton  and  Marie  D.  Felix,  Am.  J.  Anat.  9!i-17i-20S, 
195U. 

Electron  microscopic  observations  on  the  Cclgi  siibstance  and  the  ergasto- 
plasm.     Vlllth  International  Congress  for  Cell  Biologj,  Leiden,  The 
Netherlands,  Sept.  1-8,  19?lio  To  be  published  as  part  of  a  Sjirposiun 
33  a  supplenent  to  Exp.  Cell  Research 
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Recipient  of  Anra  Fuller  Fellowship  consisting  of  a  grant  to  travel  - 
to  Europe,  visit  laboratories  on  the  continent  and  the  British  Isles 
to  discuss  problems  of  mutual  interest  with  scientists  in  various 
laboratories  and  to  attend  the  7IIIth  International  Cor^ress  for  Cell 
Biology, 


PACS  1 
PROJECT  REPCRT  FORM 


^^^25cerjnstit3rte__  2.  ___  Uboratory  of  Biolo^ 


Cellxilar  Biology  Section 1» 

SECTION  OR  SESV^  ■     "  -ux.uu.  tl^^  »i^  ikv  BSiaESM)'  '-^fo 


Desox'O'roosldes  in  norjcal  and  TvEior  Tissues 
PKOJECT  TITLE  ^ ~ — — 


Dr.  Walter  C     Schneidsr 


PRIijCIi'AL  IKVESTIGATOR(S) 


OTHEB  im'ESTIGATOaS 

PROJECT  DESCRIPTKSI 
Objective ; 

To  determine  whether  prectirsors  of  desoayribonucleic  acid  (D!iA)  are 
present  in  nornial  and  cancer  tissues,  to  ascartain  the  nature  of  such 
precursors,  and  to  determine  their  metaholic  sisnificance  especially  with 
respect  to  cancerous  tissues. 

Ifethods  Bnployed: 

Desoxyrl'bosides  and  desoxyribotides  in  the  range  0.1-0o5  microgram 
are  deteralned  microbiologically  with  the  organism  L.  acic3jDphilus  H-26. 
This  organism  will  grow  equally  well  en  say  desosj^T-ucleoside  or  nucleotide 
and  is  thus  useful  for  general  surrey  work.     Paper  chrcnato^raphic  methods 
have  "been  devised  for  the  separation  of  desoxyrihonuclsosidas  and,  coupled 
with  the  microhiologiasJ.  assay,  are  used  for  the  detemiBation  of  the 
deso^Qmucleoside  composition  of  tissue  extracts.     For  mors  certain  identifi- 
cation of  nucleosides,   the  compounds  (detected  microhiolosically)  are 
isolated  frcaa  several  cbrcraatosrssss,  reehrcsatographad,  raisolated,  and 
identified  by  means  of  iiltravioiet  spectra,  Rf ,  and  cheaical  tests  for 
deso^syribose . 
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Major  findings i 

Desozyri'bosidic  compounds  have  'been  found  to  "be  present  In  acid 
extracts  of  all  mouse  and  rat  tissues  tested.  Hoiraal  iaouse  tissues 
and  blood  have  ^^ry  lov  levels  (ca.  1  micrograa  desoxyribosida  per  g). 
Mouse  tvmors  contain  from  3-30  tiaes  as  much  desoxyribosida .  Norsaal 
rat  tissues  and  "blood  contain  asnounts  of  desosyribosidss  in  the  aouse 
tumor  range.  Rat  hepator3a  and  nonaal  rat  liver  contain  about  the  saiae 
aaoimt  of  desosyriboside. 

Chrcmatography  of  tissue  exfciracts  on  ion  exchangers  and  on  paper 
and  acid  h;y-drolysis  of  tissue  extracts  indicated  that  the  coEpounds 
present  were  pyriaidine  dssosyribosidss .  Paper  chrcrat-osraphy  sho'wed 
furthsr  that  tha  active  ccspcua-is  in  tissue  extracts  correspo&ied  in 
avers.5a  H^  to  eithar  dssosycytidine,  daso.;cyuridine ,  or  thyraidine. 

In  earlier  experiments,  cosrpo-unds  behaving  like  dasox^-cytidine 
and  deso:cyuridine  were  found  to  be  present  in  acnsal  rat  liver  and 
blood.  In  a  rat  hepat<2iia,  however;,  and  in  the  blood  of  hepatcsia 
bearing  rats,  a  thyaidine  like  ccapouad  vas  obseiTed  in  addition. 
These  findings  thus  indicated  a  qiialitative  difference  in  nomal  and 
tuEor  bearing  rats.  In  sone  of  a  large  nxaiber  of  recent  experiments 
with  rat  liver,  however,  a  thyrii'iine  like  ccsponent  yas  observed  in 
the  solvent  system  'osed  in  the  earlier  experissnts.  The  appearance 
of  this  ccsrponent  in  this  sol-/ent  system  is  apparently  an  artefact. 
Consequently  the  earlier  experiments  with  tuisors  will  have  to  be 
repeated. 

Large  scale  experiaients  on  isolation  of  deso^QO-ibosides  frcm 
rat  liver  and  blood  have  resulted  in  the  isolation  of  a  canpound 
tress,  blood  identical  in  its  properties  with  desoi^'cytidine.  Coloii- 
netric  tests  nave  been  obtained  for  desoxyribose  and  the  aaounts  of 
the  latter  found  are  equivalent  to  the  ssiounts  of  deso^cytidine 
calculated  to  be  present  frcm  the  ultrairiolet  spectnsi.  A  fraction, 
isolated  frcaa  rat  liver,  also  shows  certain  of  the  spectral  properties 
of  deso:q,?cytidine  but  contains  desoxyribose  considerably  in  excess 
of  the  cytosine  content.  This  indicates  the  presence  of  other 
deso:^rribo3ide3,  perhaps  dssoxyuridine. 

An  imkno'*?n  eosrpound  has  been  obsers/ed  in  large  scale  chrcmato- 
grass  of  norsal  rat  blood.  It  has  "ceen.  detested  by  its  reaction 
with  cysteine-sulfuric  acid,  a  reagent  supposedly  specific  for 
desoxyribose.  Since  this  ccnpoijnd  has  no  growth  prcsotiag  activity 
for  L.  acidophilus,  it  would  appear  to  be  desoxyribose  or  another 
co2^5ound  with  a  siailar  reactive  group.  It  is  not  present  in  liver. 
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Slgnlfleanfte  to  cancer  research; 


The  presence  of  dssosyribosides  in  ammj^.i  tissues  is  of 
considerable  isrpoi-tance  to  fundamental  hiochenistry  as  wall  as  to  cancer 
research.  These  cciEpo\3nd3  laay  represent  the  unlsnown  intermediates  in- 
volved in  the  synth3Sis  of  dsso^rrihcr  icieie  acid,  the  geasrsily 
accepted  carrier  of  tlis  genss.  Since  the  synthesis  of  L'JA  sust 
proceed  at  an  ahnors^al  rate  in  tumors,  knovledge  of  how  precursors 
of  HB.  are  fois^d  and  how  they  are  utilized  is  of  considerable 
inportasce. 

Rropog:'.-i  coiirsa  of  research; 

Tt:fi  r-at'urs  of  the  dssor^yriTDosidss  pres-ent  in  tiir.or3,  norral 
mouse  tics-ass,  nornal  rat  tissuss,  and  ressaeratins  and  enibryonic 
tissuss  vdll  te  investigated.  Turthsr  studies  will  also  he  cade  on 
the  r'atore  of  tb.2  inaknoim  canpoimd  present  in  ciood.  S-^dies  axe 
also  contsnplated  on  the  nata'holisa  of  desos^Tribosidas  in  tissues. 
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Studies  on  Morphology  and  Physiology  of  two  l7!nphoc3rtic  tumors. 
FHOJSCT  SITLS  '  ~  ~~~~ ~ 


Emma  Shelton 

PRIKCIPAL  IKVESTIGA3Xa(S) 


CfllSER  INVESTIGATCJRS 


PROJECT  DESCRIPno?? 


QbjectiTe;  To  correlate  differences  in  the  morphology  and  physiology  of 

two  lymphocytic  tumors  with  the  differences  in  thair  behavior  in  the  same  host* 

Methods :  The  tumors  are  grown  as  ascites  tumors  in  the  strain  A  mouse. 
Freely  suspended,   living  cells  inay  be  studied  -with  the  phase  microscope. 
The  number  of  ceils  nay  be  counted  in  a  heFiOCTrbometer  to  give  a  quanti- 
tative significance  on  a  per  cell  basis  to  biochesiical  tests. 

Major  Findings;     The  major  findings  of  this  project  during  the  past  year 
are  of  a  ^gative  nature.     A  concerted  effort  was  made  to  demonstrate  the 
presence  of  the  enzyme  i^faluronidase  in  thsse  tw  tumors.  Altho^ogh  several 
biochemical  assays  were  employed,   it  was  not  possible  to  demonstrate  the 
presence  of  this  enzyme  in  these  tumors s 

Significance  to  Career  Research?  The  two  tumors  being  studied  here  arc 
unique  in  that  they  are  vastly  different  in  their  ability  to  invade  the 
hosts  tissues  despite  the  fact  that  they  are  of  similar  origin  and  cell 
type.  It  is  hoped  that  a  stuc^r  of  these  cells  from  the  biochemicaland 
cytological  standpoint  will  yield  information  as  to  why  some  lyTtrohoid 
cells  behave  as  highly  invasive  leukeraias.  ■while  others.  Lacking  the 
ability  to  disseminate,  grow  as  localized  lymphosarcoinas. 
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proposed  course  of  study; 

1.     Further  studies  on  the  ability  of  the  cells  of  these 
tumors  to  pass  throi^-  membranes  of  known  pore  size. 

2»     Cinematographic  studies  on  the  locomotion  in  Titro 
of  thie  cells  of  these  two  tumorso  — — — 
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Str.dies  on  liver  carcinogenesis  in  the  mouse 
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Emma  Shelton 


PRINCIPAL  IUVE5iTIGATC^(S) 


CTHEIR  im'ESTIGATCRS 


PROJECT  DESCF.IPTION 

Ob,-iecti7es;       The  objective  of  this  project  is  to  investigate  the  changes 
•which  take  place  in  the  parenchymal  cells  of  the  moTif3  liver  prior  to  the 
forraaticR  of  a  t^inor  and  to  develop  quantitative  cy-tDlogical  ir-ethods  which 
will  permit  the  interpretation  of  biochemical  findings  on  a  "per  cell"  basis< 

Methods  eiiiolnyed;  The  methods  employed  may  be  divided  into  two  categories 
(1)  methods  designed  to  induce  tianor  formation  in  the  mouse  liver  and  (2) 
methods  designed  to  stndj?-  the  changes  in  the  liver, 

'Jrtder  (1)   -  Strain  A/'l-IeN  fertile  mdce  were  fed  O.O^f  orthoaminoa'30- 
tolii^ne  in  a  semisynthetic  diet*     The  effect  of  the  followir^  variations 
on  ttcnor  incidence  vas  studied 

a)  stilbestrol 

b)  high  riboflavin  in  the  diet 

c)  use  of  a  cross  between  A/HeN  and  a/LN  mice 

Under  (2)  Kistochemical  tests  for  glycogen,  ribonucleic  acid,  fat, 
and  succinic  dehydrogenase  were  performed  on  tissue  sections  of  tl^   livers 
of  the  mice«     Histological  stains  for  reticulum,  connective  tissue  and 
mitochondria  were  also  employed.     In  one  experiment,  mice  were  killed  at 
U-week  intervals  during  dire  feeding  in  order  to  give  a  more  dynamic  picture 
of  the  alterations  whJ-ch  occurred  in  the  liver, 

Homogenatas  of  normal  mouse  and  rat  Uvsr  were  used  in  the  develop- 
ment of  quantitfitive  c^rbo logical  methods* 
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Major  findings t       1.     Tinnors  of  the  hepatic  parenchymal  cells  can 
be  produced  in  between  80  and  100  per  cent  of  strain  A  female  mic^ 
by  adding  the  stimulus  of  the  female  sex  hormone,  stilbestrol,  to 
the  carcinogenic  action  of  ths  azo  dye,  orthoaminoazo toluene.    When 
the  (fye  was  fed  in  a  semisynthetic  diet  it  was  foijnd  that: 

A.     In  combination  with  stilbestrolkt  was  necessary  to  feed 
the  dy-e  for  only  60  days  in  order  to  achieve  a  maximuja  carcinogenic 
effect  .while  without  stilbestrol^  120  days  are  requiredo 

Bo     Tumors  begin  to  appear  as  early  as  28  days  after  the 
beginning  of  dye  feeding  and  in  one  experinient  100?;  of  the  arujials 
had  gross  liver  tumors  after  90  dayso 

Co     High  riboflavin  does  not  protect  the  mice  against  the 
carcinogenic  action  of  the  dyco 

D.     Genetic  constitution  of  the  mouse  plays  an  important  role 
in  its  susceptibility  to  the  carcinogenic  action  of  the  dyso 

2.     A  method  was  developed  for  making  differential  co^xr.ts 
of  the  different  types  of  nuclei  in  a  It^ev  homogenate.  This  per- 
mitted the  enumeration  of  the  nuclei  of  the  hepatic  parenchynal 
cells  separately  from  the  nuclei  of  all  other  cells  in  the  livers 

Significance  to  Cancer  Researcht   In  order  to  gain  a  more  fundamental 
knowledge  of  the  cause  of  cancer  more  information  is  needed  con- 
cerning the  biochemical  and  morphological  events  >4:ich  occur  in  the 
cell  that  is  undergoing  tte  malignant  transformation.  This  project 
is  composed  of  a  series  of  studies  with  a  biological  system  wherein 
it  is  possible  to  investigate  the  process  of  carcinogenesis  in  one 
type  of  cell,  the  hepatic  parenchymal  cell. 

Proposed  course  of  project; 

!•     To  continue  to  investigate  the  factors  involved  in  the 

production  of  tiimors  in  the  mouse  liver  —  ioe.  nutritional, 
and  hormonal  as  well  as  effect  of  dye  concentration  and 
the  physiological  state  of  the  Hver. 

2.  To  investigate  quantitative  changes  in  the  cellular 
composition  of  homogenates  of  liver  from  azo  dye  fed  raica, 

3.  To  study  by  histochemical  methods  some  of  the  changes 
taking  plac«  in  the  liver  during  the  first  few  weeks  of 
dye  feedings 
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PROJECT  INSCRIPTION 

Devslopiaaats  in  transparent  chaaber  tschniqnes* 

Objectiveat 

Methods  were  described  in  the  previous  report,  fcr  microscopic 
observation  of  cells  in  diffT:sion  chambers*    With  these  procedures^  con- 
trast and  resolution  of  structural  detail  in  cells  was  iapaired  by  diffusion , 
of  Ught  during  transiliunination  through  the  skin  of  the  mouse o     The    z.<jj*^j^ 
objectiv*  has  been  to  deTls«  improved  diffusion  chambers  for  microscopic 
stuchr  of  implanted  cells  isolated  from  contact  with  host  tissues  by  membranes. 

Methodss 

The  transpaarent  chan±»er  is  constructed  so  that  li^t  from  the 
Hdcroscope  condenser  passes  only  through  glass  or  plexiglas  before 
reaching  the  thin  layer  of  cells  within  ths  diffusion  chamber, 

Major  Findings: 

These  iiqjroTeinents  now  have  ras-'i  it  possible  to  use  either  bright-field 
or  phase  microscopy,  and  thus  to  obtain  increased  contrast  and  resolution 
of  strnctxiral  details  of  living  cells  in  iwice. 

Significance  to  Cancer  Research? 

These  newly  developed  methods  for  microscopy  applied  to  "tissue  culture 
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in  vjyo'*  provide  improved  means  for  call  identification  and  obsarratioa 
of  celitilar  behavior  trndsr  various  arpeidisental  con^ditiDna^  3-xh  as  in 
problems  of  tissue  transplantation,  carcinD genesis,   aid  in  analysis  of  the 
mechanism  of  action  of  tiiEor  daniaging  cheid.cal3» 

proposed  Co^JTse; 

These  raethods  will  be  iisad  in  experinant-al  stiidiea  of  s  slls  in 
diffusion  cha^-ibers  as  described  in  other  project3» 
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Mechanisra  of  action  of  chemotherapevitic  drngs  on  tumors. 
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Glenn  H.  Alglre 

PRINCIPAL  INVESTIGATO(S) 


OTHER  INVESTIGATCS^S 

PROJECT  DESCRIPTION 
Objectives  - 

TO  determine  the  mechanism  of  action  of  various  drugs  ontumors  in 
terms  of  their  circtdatory  effects,  or  direct  cytotoxic  properties. 

Methods  Empl03red  - 

Tn  :SriJSUf  cSr.^  l^^^^  ^^  -nt^ct  .i*..  host  Us^e.  .r 
porous  membranes. 

Ma.jor  Findings  -     _ 

Snbcut^sous  injection  of  podophyllotorin  (a,  f"";^  P'-^^fS^ 
ror  .acS.1,1  po:j3ao=Ud,,  ^suU=  in  pro^o^^^^ 
peripheral  blood  pressure,  with  ^ecraa^ea  °^^«  ^  g^^ere 

normal  tissues  and  transplanted  ^^'^J^^'^^^^^f  ischemia  (6-8  hrs) 
reduction  of  blood  flo«  in  t^°^s»     ^'^VP'^f^"!  blood  flo«  began  to 
.as  followed  by  hemorrhage  in  ^^^^^^^^^.^.f  4  e'^  re-^^^     The 
improve,  and  central  necrosis  oj  *f  ^^f^^^  occl^osicn  of  blood 
above  phenomena  occurred  also  ^^^^Jl^^Xd^hat  the  ac^ite  tumor 
supply  to  the  tumor  area-     ^*  ^^^„^^'Jn  so^i^  vascularized  tr^^rs 

substance* 

(PLEASE  ADD  SHEETS  AS  NECESSARY  FCS  CCKTINUATION) 


NCI-iilofb)  ^^^  ^' 

Recent  preliminary  experirasnts  suggest  that  the  effects  of this 
agent  on  peripheral  circulation  and  in  causing  ttanor  necrosis  may  be 
counteracted  through  the  use  of  heat  to  hiring  about  local  ircrease  in 
blood  flow. 

Significance  %o  cancer  research  - 

jyaluaticn  of  therapeutic  agents  in  cancer  depends  upon  under- 
standing their  mods  of  actiono     Microscopic  observations  in  living  mics, 
using  transparent  chamber  methods,  help  to  determine  whether  an  agent 
acts  directly  upon  the  living  cell  or  indirectly  through  its  effects  on 
the  circulation  of  the  host  animalo 

Proposed  Course  of  project  - 

1»  To  continue  the  above  experiments  on  control  of  regional 
blood  flow,  in  relation  to  circtiLatory  irschanism  of  action  of  tumor 
necrotizing  drugs o 

2.     Apply  the  dif fusion  chamber  methods  to  direct  observation 
of  the  effects  of  various  chemotherapeutic  drugs  on  cells  isolated  from 
host  tissues* 
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PROJECT  DSCRIPTICaf 
Objectives; 

The  object  of  this  study  is  to  evaluate  the  s j.gnif Icance  of  the 
activity  of  the  graft  vessels  in  normal  and  neoplastic  tissues  in  the 
initial  vascularization  of  grafts. 

Methods  eaaployedt 

Microscopic  observations  were  made  in  living  mice  using  transparent 
chambers.  With  ttie  usual  method  of  studying  grafts  the  cainectiona  between 
the  graft  and  host  vessels  take  place  underneath  the  graft.  In  order  to 
see  the  establishment  of  CKtmiectlons  grafts  were  placed  so  the  connections 
vere  established  beside  riLther  than  beneath  the  grafts. 

Major  findings; 

■pif*  vessels  in  grafts  of  nonsal  thyroid  tissue  were  active  in 
establishing  connections  with  host  vessels.  These  grafts  did  not 
stimulate  the  host  vesselis  to  produce  new  ones.  In  grafts  of  tumor 
tissues  on  the  other  hand,,  the  graft  vessels  were  not  active  but  the 
grafts  stimulated  t-he  host,  vessels  to  produce  many  new  vessels.  The 
conditions  in  the  conii«ctlve  tissue  surrounding  the  graft  greatly 
affected  the  growth  of  nbv  sprouts  from  boxh  the  graft  and  host  vessels. 


(PIEASE  ADD  SHEETS  AS  KECESSARY  FCR  CCSTHJUATIcai) 


SlgaixleaBea ;  

These  findings  should  aid  In  placing  grafts  of  tumcir  and  normal 
tissues  and  in  undsrstanding  the  causes  leadiag  to  variations  in  the 
tinia  of  esta'blishssnt  of  grafts.  Further  the  method  of  placing  grafts 
so  the  adjaceat  host  "vassels  can  be  easily  S'5en  is  applicable  to  other 
proble^is  vhich  ^"uuld  be  of  significance  in  tmderstanoLing  the  vasculariza- 
tion and  eetablishaent  of  tussor  iiietast-ases(see  proposed  course). 

Proposed  course; 

It  is  gl  armed  to  ccaapare  various  types  of  tumors  ia  their  capacity 
to  stissHate  host  capillary  proliferation. 
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PROJECT  DESCHIPTIOH 
Objective  - 

A  recently  derised  diffusion  chamber  method  for  "tissue  cultura  in  Tivo" 
provides  a  ne'v;  approach  to  certain  problems  of  chsmical  carcinogenesis.     Sarle 
and  associates  have  found  that  nomal  adult  fibroblasts  grown  in  tissue  culture 
in  a  completely  heterologous  media  in  the  absence  of  deliberately  added  MCA 
give  i*ic8  to  sarcoisas  when  inoculated  into  laice*     One  possible  explanation  for 
these  results  has  been  "growth  in  the  heterologous  ir-edia".     This  explanation 
■would  be  ruled  out  if  nonnal  or  embryonic  mouse  tissue  underwent  a  malignant 
change  when  enclosed  within  diffusion  chambers* 

Goldblatt,  followirig  experiments  and  theories  of  Warburg  (1927),  has 
presented  evidence  that  normAl  fibroblasts  in  tissue  culture  undergo  a  malignant 
change  if  subjected  to  conditions  of  intennittent  anoxia»  Through  selecting 
filters  of  increasing  diasistsr,  and  of  consequent  greater  diffusion  distajics, 
one  cculd  study  the  effect  of  this  variable  on  neoplastic  change. 

The  immediate  ob-^ectivp  is  to  ?.5c?'^t'»i~  whether  norruil  subcutaneous 
tissue  or  embr^ronic  tissue  enclosed iwith-in  diffusion  chambers,  undergoes 
neoplastic  transformation. 

Methods  Ecqsloyed  - 

1.     To  datermir^  whether  the  materials  (plexiglas  II,  and  MiUicore 
filters)  are  carcinogenic  for  mice  -  (by  intraperitoneal  .'and  subcuteneous 
implantation)  • 

(PLEASE  ADD  SHEETS  AS  HECESSAHY  FCS  C^^TINUATIOT) 
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2.  Fragments  of  moscls  from  young  nice  (strain  C3H)  were 
enclosed  within  diffusion  chambers  and  placed  intraperitoneaHy 
into  adult  hosts  of  tbe  same  sti'ain.  At  intervals  of  from  1  to  3 
months  these  will  be  reiaplanted  (open)  into  new  hosts  which  have 
received  U0O-U25  r  total  body  irradiation. 

Results  * 

These  experijnents  are  now  in  progress.  It  has  been  found 
that  fragments  of  muscle  from  young  mice  produce  a  vigorous  out- 
growth of  connective  tissue  cells,  with  nuinerous  dividing  cells* 
AduLt  connective  tissue  cells  also  migrate  out  in  diffusion  chambersc 

pyoposed  course  of  project  - 

FutTH^e  planst  Future  plans  will  depend  upon  the  results 
of  experiments  now  in  progress.  In  addition  to  studies  on  normal 
tissues,  various  chemical  carcinogens  and  inactive  but  related 
compounds  will  be  used  in  studies  of  effects  on  cells  throvigh 
microscopic  observations  in  vivo  in  diffusion  chambers. 
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PROJECT  DESCHIPTIOK 
Objectives  - 

Moore  observed  apparent  selective  loealiaation  of  fluorescein  In 
brain  tumors,  3  to  5  hours  after  injection  of  the  dye  into  patients  about 
to  undsi-go  surgery«     This  did  not  regularly  occur  in  other  types  of  tumors 
or  intujnors  of  sites  other  than  the  central  nervous  systesio  The  mschanisTn 
of  the  localization  is  \mkno^n,  but  it  ^as  thought  to  be  related  to  dif- 
ferences in  permeabili-^  of  the  capillaries  of  normal  brain  tissue  as 
compared  to  those  of  neoplastic  tissue^  The  phenoinena  was  said  not  to  be 
related  to  the  presence  or  absence  of  necrosis  in  the  tumor. 

The  objectives  of  the  follo'.dng  experiments  have  been  to  investi- 
gate such  factors  as  vascularity,  changes  in  blood  supply,  cellular 
reaction,  and  necrosis  in  relation  to  localization  of  fluorescein  in 
normal  and  malignant  tissu©s|  to  enhance  the  localization  of  this  or  other 
diffusible  dyes  in  transplanted  and  spontaaeous  tumors » 

Methods  Employed  - 

Microscopic  observations  in  living  mice  using  transparent  chamber 
roethodsj  supplemental  gross  observation*     Fluorescence  was  elicited  by 
use  o§  CH|    Mercury  vapor  lassp  with  Wood's  Filter,  for  transmission  ©^  ^ 
3U50  A  ratiiationo     Observations  vere  mde  on  normal  tissues,  transplanted 
and  SDontaneous  tumors©     In  other  experiisents  drugs  were  used  to  alter 
regional  blood  flow  in  tumors  and  surrounding  tissues  following  injection 
of  fluorescein* 


(PI£ASS  ADD  SHEETS  AS  NECESSARY  FCR  CCBPPIKUATION) 
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Major  Findings  - 


1.  Th@  differential  rate  of  diffusion  of  dye  into  and  from  avascular 
tissues,  as  contrastad  with  richigr  vascularissd  tissnesj  accounts  for  the 
apparent  selectire  or  prefersntiaa  localisation  of  dya  in  certain  tiaiors. 

2.  Fluorescein  was  found  to  localise  in  transplanted  sarcoaas 
approximately  3  hours  after  injection  of  the  dye  along  with  podophyllotoxLn. 

3.  In  transparent  chamber  preparations  these  resiilts  were  observed 

to  be  correlated  with  the  decrease  in  ttDior  blood  supply  following  podopfayllo- 
toxino 

ha     Sisiilar  results  -sere  obtained  when  subcutaneously  transplanted 
sarcomas  (not  transparent  chamber  preparations)  were  treated  in  the  saaia 
way;  hence  were  not  related  to  the  "unusual"  presence  of  the  transparent 
chamberj  tumors  less  than  one-half  centiuster  in  dianietsr  often  failed 
to  show  localization* 

Significance  - 

It  would  appear  that  localizatioa  of  fluorescein  can  be  accomplished 
in  tumors  and  at  sites  other  than  of  central  nervous  tissije  origin^  throtigh 
the  use  of  drugs  which  decrease  regional  blood  floN*     These  observations  ara 
of  importance  in  regard  to  several  problems  of  clinical  cancer: 

1.  Localization  of  priEsary  or  metastatic  tumors  at  operation^ 
through  enhancing  the  accuBwlation  of  fluorescein  or  other  freely 
diffusible  dyes,  or  radioactive  tracers  intuiaors  of  non  C.N.S.  origin© 

2.  The  possibility,  through  control  of  regional  blood  flow,  of 
enhancing  the  accu'aulation  in  tujaors  of  radioactive  chemotherapeutie 
agents,  or  chemotherapeutie  drugs* 

Proposed  course  of  project  =• 

1.  Contin-iiation  of  studies  similar  to  these  using  transplanted 
and  spontaneous  maramary  tumors* 

2.  Application  to  the  problem,  of  more  physiologic  methods  of 
modifying  regional  blood  flow« 

3«     Use  of  slowly  diffusible  dyeso 
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3.       Mechanisms  determining  suBceptibillty  and  resistar.cg  to  tvmor  and  normal  tissue 
PROJECT  TITLE         graXts  in  mice,  ^ — ■ -~ 
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).     PROJECT  INSCRIPTION 

Several  aapecta  of  inanunity  to  transplanted  norrcal  and  malignant 
tissues  are  covered  in  this  report. 

(a)  Vascular  reactions  to  tiimor  homografts  - 

Objectives  -     To  ascertain  the  vascular  phsnomena  associated 
with  transplantation  of  homografts  of  traior  tissues,  in  order  to  assess  the 
importance  of  vascular  reactions  in  causing  destruction  of  hoisografts. 

Methods  -    Microscopic  studies  in  Hving  raice  using  trans- 
parent chanter  methods,  of  the  initial  vase 'ilari nation  of  first  sad  second 
homografts  of  tumor  tissue.     These  observations  y^ere  correlated  >.'ith 
biological  tests  of  the  duration  of  survival  of  the  tu;";r  cells  in  the 
first  and  second  homografts. 

Major  Findings  -  First  homografts  vere  vasoulariaed  in 
firom  1  to  U  days,   and  grew  for  8  to  10  d^^s  before  regressingo     Second 
homografts  made  after  -ragression  of  the  first,  fsiled  to  become  vasculariaed 
or  make  any  tentporary  growth?  there  v&s  no  evidence  that  vascular  darsige 
played  a  primary  role  in  causing  destruction  of  the  tunors* 

Significance  -The  findings  are  in  accord  «ith  the  concept 
that  homograft  reactions  belong  to  thfi  category  of  an  active  iisp-anity.     They 
fail  to  support  the  thesis  that  homografts  are  destroyed  because  of  primary 
djpage  to  blood  vessels <> 

Future  plans  -    This  phase  of  the  project  has  been  completed. 
(PLEASE  ABD  SHEETS  AS  NECESSARY  PCS  COSTINUATION) 
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(^)     Suryj-val  of  hoaiogr-^ts  la  jjumimiaed  ttixc®  - 


that 


It  was  known  fro/a  the  «ork  of  Merwia  and  Hill  (referencs  5'- 

unvasoularissd  hoaograf  t3  surrLred  indefinitely  i'.x  aics  Sj-'t 
wsre  quiciclT  dastroTed  if  the  Irsst  3-ra.inai  i^as  i.-irv^xriistd.     The  questiar 
arose  as  to  the  fata  of  aiieh  grafts  '«ihsn  isoiatad  frora  hast  tis-s^s' 


by  porous  rs.e7isr3.ns a. 


1.  To  deTiss  and  constmct  diffujcLoa  chaabsrs  in  which 
cells  ■woTiId  sunrlTec 

2o     livliat  -HOTild  be  the  fata  of  honografts  m-oniii  diffusion 
chajTibera,  isolat-ad  fro'n  host  cells  btit  nourishsd  by  ax^rac^sllixLsr 
fluid  of  the  host? 

3«     As  aboTs,  but  «hen  placed  in  innaoizsd  -ds^? 

Ua     Items  1  and  2  above  acrs  parts  of  a  more  gsr;.--,-al 
question  —Is  dastrnction  of  hosografts  sffsotsd  t-hrov.gh  conxast  of 
host  calls  with  th3  "target"  calls  or  through  humoral  factora* 

Methods 

lo     Diffusion  chs^bsrs  were  devised  i*ithiii  i«lioh  csll3 
could  be  enclo3>5d^  retiiTiiisd  to  the  i&ih  or  peritoneal  ca'/itjr  of  the 
ani^^al^   and  s^irvivs  and  proliferats  although  out  of  contact  with 
host  tissues© 

2s     I'ficroscopis  observations  were  3ade  in  liring  ai^e 
of  the  fate  of  ho?aografts  ^-Jithin  diffusion  oh:33'b3r3  as  oosnoarad  to 
their  fata  beneath  the  -enbi^ane  of  the  diffusion  chanbsr,,  in  contact 
with  tissues  of  iispunised  niicao 

Major  Findings  - 

1.     Procedures  veve  devised  for  the  construction  of 
diffusion  cha.-nbers  ';--hich  laake  use  of  na^ibrans  filters  to  separate 
graftad  tissus  fro-  host  cells  and  blood  supply*     Liviii?  calls  "xithin 
tha33  ch2:3ber3  could  be  obserTed  and  photographed  at  high  magnifi- 
cationso 

2o  Isografts  of  various  types  of  norznal  or  malignant 
cells  survived  and  gre^J  for  long  periods  of  tirne  withiJi  diffLBion 
cbsrl;er3,  no-irishsd'^by  host-  fluids  but  physicaily  i-solated  froB 

host   ti3?UvJ3o 
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3«     Homografts  of  a  nonnal  or  malignant  tissne  sunrtysa 
and  gT'SW  within  diffusion  chanbers  'inder  conditions  in  ^hich  similar 
gi-3ft5i  placed  stibc-ataneously  ^ere  rapidly  destroyedo 

Significance  for  Cancr  Research  « 

lo     An  experinantal  pisthod  is  describsd  bj  r.aans  of  -which 
it  is  possible  to  obtain  sticcasa.fTil  growth  of  tissue  grafts  in  spite 
•3i'  their  genetic  iacompatibilitr  i»dth  tl^  host  aniciala 

2«     The  msthoda  for  diff  >^ion  chaTufcers  dsTissd  here  bars 
aiprplicability  to  roaby  problems  of  cancer  biology  suah  as  tranaplanta- 
Uon  of  tissues,   carcinogenssis,  chemotherapy,  host-tiLT.or  relation- 

a  lUpSo 

Proposed  course  of  project: 

1»     To  utilize  diffusion  chambers  in  various  problems 
as  outlined  in  detail  throughout  this  report* 

•(c)     Interactions  of  hsterografts  with  hosto 

Objectives  - 

Hujnan  tijmors  have  been  grown  for  liatited  periods  of 
tiais  in  experiaantal  animals  subjected  to  total  z-radiation  or 
cortisone  treatsentj   survival  of  heterografts  has  been  attained 
also  in  such  special  sites  as  the  anterior  chamber  of  tiie  eye  and 
the-  brain  of  experiinantal  animals.     The  recent  deTelopznent  of 
diffusion  chambers  has  provided  a  method  for  analysis  of  such 
questions  ass 

1,     Foi'  how  long  will  heterografts  survive  in  diffusion 
chambers  isolated  froa  host  tissues? 

2»     Does  the  host  produce  antibodies  to  heterografts 
enclosed  in  dLffusioa  chambers? 

3«     Do  host  leucocytes  participate  in  the  destruction 
of  heterografts? 

U»     Do  heterograft  cells  undergo  malignant  alterations 
under  conditions  of  the  diffusion  chamber? 

Methods  - 

Heterografts  were  placed  in  diffusion  chaabera  of 
iROUse  tumors  into  ratsj  human  (Hsla)   strain  cells  froa  tissue 
cultxire  into  micej  and  g^jdnea  pig  sarcoma  into  miceo     Observations 
ware  nsade  ^ther  in  vivo  using  transparent  chamber  rsethoda^  or 
£3  fixed  and  stained"speciBiens  after  intraperitoneal  implanUtion 
and  later  removale 


Major  Finding 3  - 

In  vT9lx3sir)zrj  sxperinients  mouse  cells  in  diffusion 
chaabers  ^ere  dsatrojsd  witliin  a  fe-^  dsp-s  in  rats  i«liish  had  been 
prsTiotisly  isnstinised  against  mou36  tissue,  but  sirriTsi  for  it. 
least  7  days  in  control  ratSo     Hunan  (Hela  strain)  cells  s^3rr:.T^d 
for  at  l^ast  60  days  in  diff-asion  chaabera  placed  intraperitcvsaally 
in  miseo 

Si  ?niri v-3nc3  to  G-^no5r  HssaAT'jh  - 

H'2tero-2r3.ft3  of  hi;,'::in  t1^nor3  in  e^cper iiasn «ai  anisala 
are  being  n.sad  in  othar  laboratoriss,  in  largg  ssals  stiadiss  of 
chamotherapeutio  dr-^s.     Fimdsinsntal  studias  of  hoat-heterpgraft 
intarastiori  '-'1.11  corrt^ribnts  to  a  rational  asosasirisnt  of  this  ap- 
proacho     If  h-3t-srogrart3  of  h'-iL^JS^  tior-ors  i*'ill  s'lTTiYa  and  groas  la 
diffusion  shai^bera,  possibla  application  to  -diagnostic  or  other 
prcblenjg  of  cUnical  cancsr  could  be  considered* 

Fut-urs  plana  - 

These  preliininarj  esperisisnta  "s^ill  be  extsndad  to 
determine  if  ths  host  ?.ni?ial  is  iinsiunissd  hj  th')  heterografts 
gro-wing  in  diff^jsaion  chanbars* 

The  improTsd  diffusion  chasibar  dsscribed  abova  will 
be  us3d  to  study  the  fate  and  beha-Ti.or  of  heterografts  through 
ndcrogcopic  obserration  of  the  lining  callss 
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Mochaalsra  of  radiation  protection  l^  bone  marrow^ 
FBOJECT  TITLS  "  ~~ 


Glenn  H»  Algire,  Ruth  Meradn,  Charles  Congdoa 
PRIKCIPAL  I^'E3TIGATC2l(S)  "^  ~~~ 


OTHER  INVESKGATOHS 


PROJECT  DESCRIPTION 
Objectives  - 

Lorena  and  coworkers  have  shown  that  injections  of  Isologoiis 
or  homologous  bons  marrow  nill  protect  nice  against  amounts  of  X-radiation 
which  are  lethal  to  Tininjscted  aniaiala.  The  inechanis}a  of  protection  is  not 
clear*     One  hTpothesis  is  that  ths  injected  bone  Tsarrcw  cells  survive  and 
piroliferate  to  take  over  the  function  of  the  aarron  of  the  irradiated  mice; 
another,  that  protection  results  from  some  aa  yet  tmidentified  himioral  factor. 
The  objectives  of  these  experiments  are  as  follows: 

a.     To  determine  whether  radiation  protection  can  be  brou^t 
about  by  bone  marrow  cells  enclosed  within  diffusion  chanisers.  A  positive 
restilt  would  support  the  hismoral  theoryj  a  negative  result  would  be  in  accord 
with  the  cellular  repoptilati  on  theory. 

O.  The  second  objeotivs  is  to  dsterndne  whether  the  bone  marrow 
of  mice  protected  against  x-irrasiiation  by  injection  of  homologous  bone 
jRarrow  cells  has  been  repopulated  by  homologous  cells  or  by  the  animal's 
own  eells* 
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Mathoda  - 

A.  To  determine  tha  ininliBal  effactiTC  nna&er  of  marrow 
cells  necessary  for  protection  ■ahea  giTea  intraparitoneallyj  to 
include  this  nijaaber  of  calls  in  diffusion  chambeirs  (and  ffiultipies 
of  this  dosags)  for  intraperitonaal  iaiplantati  on  into  irradiated 
laiea  and  to  datermine  the  e-ffact  on  surriTal  as  coiaparad  aith 
controls. 

B.  A  test  to  identify  ths  gsnstis  strain  of  a  given  tissne 
is  based  on  a  preTioi^s  finding  that  a  ■nonrassuiariasd  .graft  of 
tissue  in  a  host  of  a  fiiffarsnt  strain  ia  dss&rojsd  onlj  when  another 
graft  of  the  sane  donor  strain  bsccaea  Tascularized* 

Major  Findings  - 

In  prsliiainary  axperimants  it  has  been  foMnd  that^ialth-in 
diffusion  chambers  «hich  are  placed  intraperitoenally.     The  dosage 
required  for  protaction  wh^n  sarrow  sails  are  injestad  directly  into 

the  peritoneal  canity  has  b^en  found  to  be  ^prosiE-atsly  5jOOO,OCO 
cellSo     In  ourrsnt  experiras.-.ta  this  dosa  and  tslcs  tMs  cell  pop'jlatioa 
enclosed  -si thin  diffusion  shambers  were  placed  intrapsritoneally  in  pre- 
Txouslj  irradiated  micsa     The  results  are  not  yet  in. 
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IF  THrS  :PROJECT  RESEMBLES,   CO^LE^'SITS,   CB  PARALLEI5  RESEARCH  DC?iE  S13EX.n«EriE 
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FUNDS,  ,.   IISNTIFY  SUCH  RESEARCH; 
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Celliilar  Biology  Ssetioa  I4.  »        1/ 

Effect  of  local  irrudiatioa  with  s-rays  on  seoplastiG  aad  nomal  tissues, 
'Bra  prolDlssis  ar«  osiag  studiad,   (a)  T-a  rsspcn^s  of  a  rsdio-rssistanr.  fusor  to 
irradlatioT^,   and  (b)  Sia  affect  of  irradiation  oa  taa  prolifsratioa  of 
FBOJEivT  I'iTLE       endotliellisa  in  norsal  tisauas.  — —    — ^ — _ __ 


Suth  M.  Mer'.fia 


PSEfCIPAL  XlJVESTIGA'ItDP.flT 


OTHER  im^STIGATOPJ         ^         --—-—_-___-_ ™^ , __ ^ — _ 

PROJECT  DESCRIPTIOJI 
ProMea  (a) 

Objective; 

la  a  prsYioTOs  pap-sr  the  respGrosa  of  grafts  of  a  ra<iio-s«n3itive 
txasor  to  x-irradiatioa  ^as  studis-i  la  liTiiig  mice  -sisiixs  tran3?ar«at  chazabers. 
We  vish  to  saks  a  siailar  study  on  a  radio-reaistast  ti^or. 


B;5cause  as  reported  pra-rioualy  sa'/sral  kiiid3  of  sjarccssas  vhess.  snail 
eao'jgh  to  "ba  obs-erTsd  in  trt?r.s;parent  cca^nbers  vBr*  found  -co  "oe  radio- 
sensitive in3t-3sd  cf  radio -rs.si,3taat^   ^.argar  gxo-^rtii  wers  studiad  xistng,  a 
jaodified  transparent  d3aml>3r  mathod  for  obs^rring  the  grafts  in  living  aioe- 

!=Ss,jor  fisdljajga; 

I^iasa  larger  grovt'as  are  resist^at  to  irradiation  but  detailed 
obsarvationB  of  chaiigss  '»^fidn  tha  ttsors  ara  more  diffictilt.     O-bsanrations 
hav^  besa  asade  on  the  changes  la  the  blood  --/sssels  of  tJas  s'orroysding  noraal 
tissues. 
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Slgnlf ieane® ; 

Studies  of  the  respoase  of  tuaors  to  irradiatioa  and  their  inter- 
action Tfith  the  smroxffiiding  tissues  should  prore  us«ful  ia  improTiaff  the 
treataent  of  tusjors  "by  irradiation. 

Proposed  eoorsg; 

fo  coatiiMie  toese  studies  along  the  lines  indicated. 

Problem  (h) 

0b  jeetiire  s 

The  o'b.leGt  of  this  study  is  to  detensizia  t.ha  effect  of  various 
doses  of  irradiatioa  oa  the  capacity  of  endotheiiim  ia  nonasal  tissues 
to  pro«3ace  new  -s^ssels. 

Methods; 

Withia  6  hoxirs  after  local  ixradiatioa  with  i^OO  to  1,,500  roentgens  i, 
a  stim-alu^  for  the  growth  of  new  capillaries  -hs^  applied  ia  the  foia  of 
either  a  saall  "burE  or  a  loop  of  wire  place  through  the  skia. 

Major  fl:adliigs; 

(1)  A  dose  of  500  r  sloped  the  rste  of  revascularisation  of  burned 
areas  "but  had  ao  effect  oa  the  tijne  of  -"/ascul^axlzatioa  of  the  coatiaag  of 
exudate  that  fouaied  around  tantalum  wires. 

(2)  As  the  dose  of  irradiation  was  increased  frcaa  500  to  1,500 
roentgens  the  rate  of  reTascularigatioa  of  humed  areas  -ieorsased  and  the 
internal  'before  capillaries  began  to  invade  the  coating  around  wires 
increased. 

(3)  OS^  new  network  of  vessels  in  both  types  of  injuries  was 
•sparser  followlag  doses  of  irradiation  that  exceeded  700  roentgens  'bhan 

it  was  followi33g  lower  dsses. 

Sigaif ieaace ; 

A  loss  of  the  capacity  to  pro<kice  new  vessels  by  the  vessels  in 
normal  tissues  affects  the  course  of  regrowth  of  ttaaors  after  irradiation. 
It  may  also  be  izapo^rfcaat  in  the  injxirious  effects  of  irradiation  on 
noraal  tissues,  which  scsne  believe  lijaits  the  dose  of  irradiation  that  c«a 
be  given  to  a  tusaor.  Also  changes  in  irradiated  blood  vessels  aay  be  oas 
©f  the  factors  that  jaaJses  wounds  in  irradiated  areas  heal  poorly. 

Proposed  course; 

Ths  stttdies  described  above  were  short  tern  ones  in  i^aich  the 
stlmau^  for  capillary  growth  was  given  withia  6  to^s  after  irra^ation. 
It  is  planned  to  find  out  how  long  the  capacity  of  the  blood  vessds  to 
produce  new  vessels  is  altered. 
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?,     PBOJSCT  DESCBIPTIQM 

QbjectlTsS;      PreYic!'?  work  indicated  that  niciise  cells   (considered  as  targets) 
stTvived  in  ifff-usion  ch-ainb-srs  in  hcmolo-g-'us  rrdcs  previously  iirununised  to  the 
strain  of  origin  of  the  target  cells.     There  ^ias  evidenca  that  host  ceils  did  not 
enter  the  chamberss 

The  objectiTs  of  the  expericients  describsd  here  is  to  study  the  mechanism 
of  the  survlTal  of  homografts  in  diffusion  chambers » 

liethodsi     Target  cells  fron  --'.ze  were  -placed  in  diffusion  cha^-ibers  which  -were 
designed  so  as  to  exclude  or  -^o  per37j.t  the  entrance  of  best  ler^ko'^j'tes  and 
macrophages.     The  chambers  sere  then  implsjated  intraperitoneally  in  isologo-oSj 
homologous,  imnuni-ad  hcmDlogous,   heterologous   (rats';,  or  l-ununised  heterologous 
hostsu     In  other  experiir.ents  the  effect  of  incorporating  spleen  cells  >Jith 
target  cells  in  such  charpiar^  was  studied. 

Major  Fl?nding3:  Target  cells  in  c ell- i:mpenetr able  diff'jsicn  chanbers  sur'n.vpd 
Tn  homoT:gou3  and  eTsn  in  iir;TVira.-;ed  homologous  mice  as  well  as  they  did  in 
isologous^Hice,     The  fact  that  they  -did  not  surrivs  in  ir.mnrjLsed  rats  as  they 
did  in  norJ.mrrnini,ed  rats  indicated  that  s-ach  chambers  >Jere  penneable  to  anti- 
bodies.    Hovever,'  other  target  cells  did  not  survive  nnre  than  about  10 
days  in  l-nrunized  mice  when  these  cells  "wer-e  implanted  in  nors  porous  diffusion 
chambers  which  pemiitted  host  leukocytes  and  iracropha-es  to  enter.     Control 
target  cells  in  such  chambers  survived  in  isdogous  rice.     Other  control  cells 
were  sornetir;es  killed  in  homologous  hosts   (not,  orevirj-.?3ly  imn'.ir-i3ed)but  not  for  2 
.%-eeks  or  more.     In  a  different  t3rpe  of  experiment,  target 
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cells  were  combined  with  washed  spleen  cells  in  ceU-iRpenetrable 
diffusion  ch.aflibers  wbdch  were  placed  in  hosts  isologous  to  the 
target  cellSe     The  spleen  cells  were  from  mice  which  were  isologous^ 
homologous  or  homologous  and  previously  Immunized  to  the  target 
cells*     In  the  latter  case  the  target  cells  were  rapidly  destroyed 
by  the  "inEranized"  spleen  cells  whereas  the  control^  isologous 
spleen  cells  had  no  effects     Homologous  but  "nonlEmxinizad"   spleen' 
cells  had  no  early  effect  but  sometines  destro3red  the  target  cslls 
later.     There  was  evidence  that  the  deetruction  of  target  cells 
both  in  cell-penetrable  chambsrs  placed  in  immunized  mice  and  in 
cell-impenetrable  chambers  in  which  irstunized  spleen  cells  were 
also  implanted  was  the  result  of  contact  with  Ijnnphocyteso     It 
appeared  that  such  contact  was  followed  by  the  death  of  both  the 
target  cells  and  the  lymphocytes  and  that  finally  these  tvo  types 
of  cells  died  at  a  distance  from  the  initial  zone  of  contact. 

Significance  to  Cancer  Research:     Homograft  destruction  has  been 
previously  demonstrated  to  be  a  process  involving  aci^ive  irarriirlzation 
of  the  host  but  most  attempts  to  demorstrate  circulating  antibodies  hairg 
failed*     The  above  results  suggest  that  antibodies  to  homografts  exist 
but  sxe  boiond  to  lymphocytes. 

Future  Plans;     "Diffusion  table  type"  transparent  chambers  will  be 
used  to  study  details  of  the  interaction  between  living  target  cells 
and  immunised  lymphocytes  in  vivo»  The  hypothesis  that  this  inter- 
action is  complement  dependent  will  be  tested  in  vitro.  The  oossi- 
biHty  that  contact  of  target  cells  with  imunissd  l-'/mphccytes  is 
fol].owed  bjr  the  rel3s.se  of  antibodies  which  can  destroy  target  cells 
at  a  distance  and  of  antigens  which  can  similarly  dsstroy  immunized 
lymphocytes  will  be  tested  in  vivo.     Diffusion  chambers  with  t>'o 
campar-tments  separated  b-  means  of  ceil- impenetrable  filters  will 
be  liseda     Target  cells  vill  be  combined  with  imm.unized  lymphocy-tes 
in  one.compartnsnt  and  the  condition  of  target  cells  sim^xLtaneously 
implanted  alone  or  of  immunized  lymphocytes  alone  in  the  other  com- 
partment will  be  studieds  Appropriate  controls  will  be  used  to  deter- 
mine the  specificity  of  any  observed  cytotoxic  effects  on  cells  in  the 
latter  compartment* 
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PROJECT  ESSCSIPTION 

Objecti-resj     To  detennins  -s^at  genes  are  involved  in  controlling  the  occisrrence 
of  cancer,  to  localize  liieir  priinary  action  and  to  determins  how  this  action 
becomes  manifest  in  increasing  or  decreasing  the  probability  that  a  certain 
type  of  cancsr  will  occiire     To  ascertain  how  the  genes  are  related  to  non- 
genetic  factors  such  as  the  milk  agent^  endocrine  factors  and  physical  and 
chemcal  carcinogens,  and  what  is  the  final  effect  on  the  occijrrsnce  of 
txmoTS  when  coinbins-ticns   -:f  these  factors  ar^  introduced. 

Methods  employed*     The  marEt-ar^r  gland  tumors  and  pulmonary  tumors  in  the  mouse 
are  studied  primarily.     Well  known  inbred  strains  have  been  used  together 
with  th?  new  V~ob   (obese)   strain  received  from  the  Jackson  Laboratory  and 
also  a  Linkage  strain  carrying  genes  flexed-tail,   sh^ker-2  and  waved-2» 
Appron..'.H  ate  ratings  are  inade  between   strains  of  knoxm  but  different  genetic 
susceptibilities  to  these  turgors  snd  between  the  appropriate  hybrids  produced 
•  to  observe  the  effects  of  the  segregation  of  genss  and  of  the  alterations  in 
genotypes,     Foster  nursing  studies  are  Introduced  along  with  appropriate  mat- 
ings  to  observe  the  relationship  of  the  genotr;fpe  and  the  irdll:  agents     Local- 
iaation  of  gene  action  is  approached  tm^ugh  transplantation  of  tissues  of 
one  genotype  into  acceptable  hosts  of  a  different  genet;/-??  and  the  observation 
of  subsequent  tumor  develonment  in  the  tran^lanted  tissues*     Carcinogens  are 
introduced  singly  or  in  coiabination  into  aniaals  of  appropriate  genotypes  for 
determining  the  relationship  between  specific  genes  and  the  carcir^ogen  in- 
jected in  the  induction  of  tumors.     Graded  doses  of  carcinogens  h-ave  also  been 
injected  for  dose  response  studieSc 
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ajor  findings:     Maratiary  glani  ttmqrS,     Further  ansdj-ses  of  a  rast  amc-ant  of 
data  on  the  relationship  of  ^e  genetis  constitution  to  the  irdlk  agent 
suggests  that  strain  G3H  and  strain  CjTBL  -Tiey  differ  by  but  one  s'sne  in 
the  control  of  the  propagation  and  transmission  of  the  millc  agent,  i.e. 
that  there  is  but  one  gene  controlling  the  surviTal  of  the  '.or-asa 

The  incidence  of  T^mnary  gland  timors  has  been  tabulated  for  breeding 
females  of  strain  C3Hf  (C3H  withoijit  the  agent.)  for  generations  6  thrGr.gh  17. 
Vlhereas  in  no  generation  has  the  incidence  been  as  high  as  fha  38  percent 
.    reported  in  breeding  females  in  the   first  5  generations  the  inddenoe  has  re- 
mained relatively  high  usually  between  20  and  30  percent.     This  slight  re- 
duction in  incidence  i^ay  be  owing  to  t;ro  factors  l)  the  fe-ales  have  not  had 
quite  so  Tr.any  litters  as  those  of  the  first  five  generations  had  and  thus  the 
breeding  factor  is  not   so  strong;,  and  2)  the  fer^ales  of  these  later  genera- 
tion are  not  living  so  long  as  the  earlier  fenales  li-"-edj  prinarily  because 
of  a  nephritis  now  occurring  in  inany  of  them  after  a  year  of  age.     There  is 
stillj  however,  no  svidaice  that  the  agent  is  involved  in  the  etiology  of 
these  tumors.     The  tumors  continue  to  occur  scattered  throughout  the  pe.iigree 
chart  with  no  tendency  for  high  tuiaor   sublines  to  arise*     The  average  t-omcr 
age  in  these  C3Hf  females  has  continued  to  be  around  20  months. 

The  incidence  of  hepatomas  in  these  C3Kf  females  has  shown  an  incr'ease 
In  the  females  of  the  later  generations  ranging  trorri  1$  to  37  percent  in  the 
last  four  generations.     Th-is  apparent  increase  may  have  been  in  p.art  owing 
to  the  addition  of  a  technical  assistant  to  the  staff  in  October  1951?  "-rho 
has  checked  tha  animals  more  closely  so  that  mors  are  autopsied  after  being 
found  m.oribund  and  few  now  die  in  the  cages.     Data  for  males  of  these  later 
generations  are  not  yet  available. 

Other  tamors  occurring  in  significant  incidences  are  ovarian  tumors 
with  an  incidence  as  high  as  8  percent  in  one  generation^     sub- cutaneous 
saxcomas  ranging  from.  0  to  8  percent,  reticulumi-cell  sarcomas  ranging  from 
0  to  10  percentj   hemangio-endotheliomas  ranging  from  0  to  5  percent  and  lung 
tumors  ranging  li*om.  0  to  3  pT:r:ent9 

"^ihy.ov.sxj  tum.ors:     In  a  test  to  det3rmin,e  whether  or  not  the  obese  gene  (ob)  has 
any  influence  on  lung  tum^ors  induced  ^^ith  dibensanthracene  there  was  found  to 
be  ro  differsice  in  the  occ^jrrence  of  pulmonary  tumors  in  the  obese  mce  of 
the  V-ob   strain  and  in  the  nonobese  littermates.     These  resRilts  are  not  xn 
line  wit^i  those  for  the  k^  (lethal  yellow,  obese)  gene  but  with  a  more  suscept^ 
ible  background  the  ob  gene  may  increase  lung  tumors. 

In  a  st^dy  of  the  relationship  of  the  A7  gene  to  pulmonary  tumors  in- 
duced with  .xrethan  the  anim.als  bearin.g  ^^  A^  gene  weremore  susceptxole  t.^ 
those  hom.ozygous  for  non-agouti  aa.     These  ---^^-f,  ^^  ^^',i^^^:;^J^^l:f  ®  '°' 
spontaneous  o^Jjronary  tumors  and  those  induced  wxtn  methyl  _^cholan.hre..e. 


In  the  extension  of  the  study  of  localization  of  f^l^^^f^^^^^^^,^ 
control  of  p^J...onar-y  tumors  it  has  been  sho.-n  that  '^•jyj^^J^^'y  rSstant  iS 
^''^-^llv  susce.rtiblp  Ivn^  tis-sue  whereas  few  occur  m  genetxcai^y  resxsta^.  long 
iii  Sth^ug^T^th  w^a  transplanted  ^en  yet  ^^^^fj^'^l^^f^.^l^''^:-,, 
Y^sU  Thus  tSe  genetic  control  over  lung  '^^f^^^^J.^^l  llnetfftsLTt. 
this  early  age  s^  that  it  cannot  be  influenced  by  different  genes  of  the  hosv. 
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In  further  dose-response  studies  on  induction  of  pulraonarj-  tumors 
in  strain  A  mice  with  dibenzanthracene  a  straight  line  relationship  has 
been  demonstrated  between  doses  of  ,01  mg,  and  ,5  iiig»     These  results  are 
cor?:atibls  with  a  single  event  hypothesis  for  the  neoplastic  change.     The 
point  for  the  aero  doss  (controls),  however,  falls  significantly  above  the 
extension  of  the  line  constructed  for  the  other  dosage  points. 

Other  phases  of  both  the  masmary  tumor  work  and  the  lung  tumor  work 
are  not  at  stages  appr  _priate  for  reporting  at  this  time. 

Significance*     Genetic  .actors  constitute  a  major  set  of  factors  in  daterrnining 
whether  or  not  cancer  will  occur.     Studies   sach  as  those  reported  above  are 
therefore  of  significance  in  any  program  aimed  at   the  eventual  prevention  of 
cancer  through  a  knowledge  of  the  etiology  of  cancer.     Studies  with  the 
mouse  serve  as  guides  for  studies  on  the  etLology  of  cancer  in  man.     The 
roammary  tumors  in  the  C3Hf  fenatles  may  be  of  particular   significance  in  re- 
lation to  breast  cancer  in  women  for  having  developed  in  the  absence  of  tne 
milk  factor  they  -may  be  riore  comparable  to  breast  cancer  in  women  than  are 
other  mouse  manuaary  taHors  resulting  firoBi  the  milk  agent. 

Proposed  course  of  projectt     One  of  the  projects  to  be  set  up  in  the  coming 
year  is  that  designed  to  deter^.ine  more  conclusively  whetner  or  not  the  re- 
lationship of  the  genes  to  the  milk  agent  is  that  of  a  single  genss     This 
will  involve  backcross  studies  with  the  females  being  tested  by  foster 
nursing  appropriate  test  females.     The  possibility  of  a  delsro-  of  one  genera- 
tion in  the  elimination  of  tte  agent  is  being  taken  into  account  in  the  plan 
of  the  experiment  a 

Purther   studies  of  linkage  between  pjilmonary  -hrmors  induced  with  ijre- 
than  aisl  the  genes  3haker-2j  waved-2j   and  ilex^-tail  axe  being  Mnnertaken* 
Burdette  did  not  get  an  affect  of  flexed  tail  when  urethan  was  used  altho-igh 
we  had  r^tsd  such  an  afft^t  with  dibenzanthracene  induced-  and  spontaneous 
tumors. 

Obese  males  are  being  starved  in  an  atteirpt  to  get  thera  to  breed  with 
strain  A  females  in  order  to  produce  backcross  aniirals  which  should  be  more 
appropriate  than  the  ¥-ob  strain  for  testing  the  ob  gene  on  puLmonary  tumors. 

The  study  of  the  effect  of  gold  thioglucose  on  the  occurrence  of _ pul- 
monary tumors  in  the  yellow  (obese)  and  brown  (nonobe.se)  AI  ?^  hybrids  is 
urnierway  and  should  be  coinpleted  during  the  coming  year. 

The  study  of  tjie  localization  of  the  action  of  the  lethal  yellow  gene 
on  Itjng  tumors  by  transplantation  of  lung  tissue  should  be  ooi^^ted  during 
the  coming  year* 

Dose-response  studies  will  be  continued  investigating  the  nature  of 
the  curve  between  zero  dose  and  ,01  rag.  dibenzanthracene,     A  response  curve 
is  also  goirxg  to  be  determined  for  a  water  soluble  carcinogen  —  urethan. 
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Since  in  studies  of  induction  of  tumors  with  nitrogen  mustard  in 
A  and  C3H  inice,  "leukeraias"  have  occurred  although  not  in  sigrAfioant 
nuribers  we  are  now  testing  nitrogen  mustard  in  C575L  mice  for  the  induc- 
tion of  isukemia* 

It  is  hoped  that  a  large  aaiount  of  completed  work  that  has  not  teen 
published  owing  to  editorial  duties  can  be  prepared  for  publication  follow- 
ing relief  from  the  editorial  duties  on  July  1,  1955* 
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Host-T-umor  Relatlonahips 

Objectivas 

A  striking  characteristic  of  mtilticell-alar  organisins  is  that  the 
morphologj  and  behavior  of  each  cell  group  or  kind  is  strongly  influsncsd 
by  the  other  cells  in  its  envdrons.9nt.     There  seep^  to  bs  a  SDrt  of  csllular 
ecologj  vhich  maintains  organization  from  sarlisst  differentiation  to 
deaths     Ample  experimental  s'-idence  of  such  intsr-celLiilar  influencss  exists. 

The  most  obvious  qualitative  difference  between  a  cancer  and  norraal 
tissue  lies  in  the  fact  that  normal  tissnas  are  restrained  by  mntual  inter- 
cellular influences  which  result  in  controlled  organisation  whereas  malig- 
nant tissue  is  not  si±)ject,  or  is  -very  little  s-abjsct^  to  such  restraint. 
The  ultimate  objective  of  this  •rfork  is  to  learn  the  naturs  of  such 
Influences  or  restraints.  The  ininiediats  objective  is  to  learn  •nays  for 
manipulatirg  them  experimentally.     In  other  r.ordsg  v^-j  ^^ould  lik-a  to  know 
the  biological  definition  of  a  cancer  or  failiiig  in  that  V3  -would  like 
to  find  me  L13  of  modifying  a  cano«r's  behavior. 
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ro:-4l8  ^a^e  2. 

The  basie  procedure  is  transplantation  of  standard  tiaraors  into 
standard  hosts  and  studyii^  the  effect  of  axperiaental  variations  on 
the  behavior  of  either  the  tvxrjor  or  the  hcst^    The  disciplinary 

techjiiquas  involTsd  are  thoss  of  genetics,  iffimmolo^^  and  evperisiental 
surgerja 

Major  Findings 

Ths  exr-erir-ents  can  be  explained  mors  claarly  if  thsj  are  ss-osrated 
into  thos3  involving  phenomena  -Jhish  are  priinarily  in  the  host  and  those 
phenomena  which  ars  primarily  in  ths  tasior^     The  too  areas  overlap  and 
complets  separation  is  not  possible. 

Reactions  of  the  Host 

Most  of  this  work  ndght  be  called  ^Ttmor  Irairiunitj" «  The  underlying 
concepts  and  working  hypotheses  in  this  field  ^sre  discussed  in  a  mono- 
graph titled  "Tha  iiatTore  of  Ttcnor  Irjtiunity^j  -Mhich  \J33  presented  in  ''A 
S^nnposi-un  on  ths  Origins  of  Dr'j^  Sesistancs^   sponsored  by  the  Office  of 
Naval  Research  and  the  IJniveraity  of  Pennsylvania  in  March  19Sha     Publica- 
tion will  b3  by  Acadardc  ?TssSa 

We  pi'eviousl^  reported  that  a  host  can  be  laade  iimauna  to  the  implanta- 
tion of  a  trmor  by  'rfash-ad  red  cells  or  by  rsd  cell  ghosts  (msmbranes)  but 
not  ■Khan  ths  cells  or  Escibranes  have  been  broken  up  by  relatively  gisntle 
procedursss     There  appeared  to  bs  a  lability  of  the  antigen  which  depended 
upon  srehitectairal  integrity  above  the  jnolacular  l-avel»     Th«  "antigen^  also 
appesi-s  to  ba  tmusual  in  other  -ways*     It  is  injijrsd  hj  exposure  to  for:ualin 
in  diluticns  as  high  as  0»03^  and  it  is   stirprisingli"  thernolabilss     The 
range  cf  partial  to  ocmplsts  insctivaticn  varying  froa  U2  to  Ui    C  ■with 
periods  of  exposiire  of  15  t-o  60  minutsso     Sertaa  has  a  •ssak  protactive  action. 
It  is  difficult  to  believe  f^  \t  the  thernolability  depends  upon  intracellular 
enzjmss  bscsusd  ghosts  wasq.'     i^ith  sitrat-a  buffer  are  also  injictivatad  ^ay 
3C  minutes"   exposiirs  to  lilt"   J'  Furthsr  efforts  to  learn  the  physicochsinical 
characteristies  of  this  ■'anu3ual  antigsn  will  bs  sade*     This  has  not  bsen 
published* 

The  incubation  period  associatsd  vith  this  antigen  and  iiatiunity  is 
also  -unusnals  Repeated  exrsriiuents  sho-aad  that  the  iffiimrdty  following  a 
single  injection  of  red  cslls  rose  t!3  a  high  degi'ee  during  the  second  -sjeekj 
as  would  be  sjjpected,  but  unexpsctedlyj  it  dstsriorated  during  the  third 
'«)eek  and  rose  again  in  the  foi:rth»     A  first  guass  rrdght  be  that  this 
fluctuation  depended  upon  the  way  that  the  foreign  red  cells  -wsre  retained 


in  a  aubcntaneous 


To 


13  depot  for  a  ti^:e  and  th^n  '^ere  released  in  a  ''ilooa"^  ■; 
check  on  that  possibility  ths  red  cells  of  doners  vere  tagged  vith  Se  . 
After  such  tasged  cells  «ere  placed  under  the  skin  of  the  recipients,  removal 
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fi-osa  the  depot  uas  studied  bj  appropriate  counting  procedurss.     It  aas 
found  that  90^  of  the  cells  disappeared  from  the  decot  durins  8  davs  and 
there  -was  no  comt  above  background  at  16  days.  Thus  ths  fluctuation 
depends  tipon  -sohb thing  8ls«;  «e  do  not  know  i4hat<,     Incoirolete  sxDsrisiants 
STOggest  that  th®  immunity  which  can  be  induced  by  neoplastic  cells  does  not 
shoH  this  freakish  incubation  curvs*     If  that  la  true  it  ^111  raise  the 
qi^stion  of  -ahether  -we  have  hit  upon  an  obsctsr®  biological  difference  be- 
tween normal  and  neoplastic  cellso 

Others  hava  said  that  ths  antigen  which  generates  tianor  iror.tinity  is 
an  agglutinogen  -sisilar  to  thoss  dstensining  blood  groups  and  shared  by 
erytirroeytas  and  othsr  cells*  This  is  a  very  Liiportant  theoretical  point 
and  we  havs  been  attempting  to  gain  i-sore  ini'onnation  regardin.:^  it*  'a 
large  ntanber  of  esperiKsnta  h^vg  been  conplet-ed  but  only  raajor  points  *rfill 
be  Eentionsd»     p^-ir  main  concliision  is  that  current  tI-'-js  in  the  field  of 
''tissue  iEiEunity"  probably  ars  cloudad  by  a  too  sL-t-pls  and  too  direct 
transfer  of  classical  inKmno logic  concepts  and  techuiques,     Ns^  techniques 
and  viewpoints  are  needed,  Erythrocytss  that  are  capable  of  eliciting 
a  high  d-egree  of  "tuEior  immunity^  usually  do  not  generate  hernagglutinins 
at  the  sajne  tijr^,  and  vice  versa,    Wnen  suitable  systems  ars  enployed  it 
can  be  sho^"n  th^t  ths  "iEimunity  antigen^  la  dsstroysd  by  laild  sonic  vibra- 
tions but  the  heir-agglutinogen  is  noto     Atteinpts  to  classify  nouss  red  cells 
by  classical  tQChniques  did  not  produos  hslpfwl  results^  A  ssorch  for 
"partial'^  antibodies  by  various  Eeans  including  ths  Coombs  test  did  not 
yield  helpful  resixlts*  Vlhen  the  ne*?  tecbmque  employing  dextran  sas 
applied  wg^  like  others,  could  easily  demonstrate  hsnagglutirinc  but  they 
sera  not  correlated  -Mith  "tucor  iimnunity  antigens"*     In  an  attempt  to 
clarify  this  I^*  G»  Hoecksr,  of  the  University  of  Chils^  spent  soss  tins 
in  our  laboratory.  By  the  -use  of  his  special  typing  antisara  we  obtained 
usef-ol  co2*relations  between  our  materia3.s  aM  thoss  used  in  other  labora- 
tories but  no  help  with  the  abova  problsTnas  At  present  the  irariunity  in 
oiar  aniBials  cannot  be  explained  on  th8  basis  of  the  histocompatibility 
groip  of  SnsU  nor  the  antigenie  co.'sponenta  described  by  Gorer  and  Hoecker* 
Most  of  this  has  not  been  published* 

Thez'e  were  some  indie  -tions  that  the  sise  of  ths  fragments  of  red 
cell  meaibranss  mght  inf  luanca  the  power  to  generate  tunor  icmunity 
(Barrett  and  Hansen,  Cancer  Research  13%  269 1  19p3)»  Ariotlr^r  experiinent 
■along  these  lines  has  been  donsa     Rabbit  antisera  against  either  intact 
saouse  cells  or  against  the  intracellular  -products  of  lysis  will  strongly 
aggl?.jtinat€  finely  divided  cell  Kssjbranes  and  produce  large  aggregates, 
.  Tlis  ability  to  stimulate  tujnor  iir^-iura.ty  v&s  not  restored,  ho^fever.     This 
indicates  that  the  previously  observed  effect  of  fragmentation  does  not 
depend  upon  saere  aggregation© 

There  have  been  some  weak  indications  that  "virulent"  turiona  rrdght 
SOTetimes  produce  their  effects  by  «ay  of  a  levering  of  host  resistance 
rather  than  directly  by  their  intrinsic  powers  of  growth.  As  a  preliminary 
to  stu(^  of  that  pointy  it  was  necessary  to  reinvestigate  the  effect  of 
Biulticle  inoculations  of  a  tvmcr  in  or'ier  to  decide  if  our  exioenaents  _ 
wre  influenced  by  Lewis'  "breaking  down  of  resi3tance%Gre6i3^«^- constitu- 
tional factors  pecuUar  to  the  tuiaor  bearing  anifflal%  and  Casey's  "STZ  effect". 
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An  extsnsiTS  series  of  esperijaents  sho-^sd  that  rssistance  can,  inde«d, 
be  "broksn  through**  by  miutipls  inoculations  btit  the  effect  clearly 
depends  "opon  the  " cachectic"   stat^  induosd  by  large  tumor  masssso     The 
effsct  is  S33n  only  in  the  continrsd  prsssnca  of  the  first  tur.or  aod'then 
only  TiJhsn  it  has  reached  a  critical  aise*    .ifter  the  "break'do^n"  ogctxts" 
it  i3  nonspeeifio  liith  respect  to  the  genetis  constitution  of  the  tuiaor, 
A  paper  rsporting  thase  results  is  to  appear  in  the  Dscenijsr  nianber  of  th® 
J. N.C.I. 

In  the  expariiEents  just  described  it  appeared  that  the  bulk  of  the 
tuiruDr  uas  a  critical  factor.     This  raises  a  qiasstion  is  to  whither  ia 
30213  cas«s  a  patiant  inight  bsnafit  frca  incoExplata  resoval  of  an  "inoper- 
able" tumor.     Opposed  to   3uch  a  notion,  in  the  opinion  of  soiris^  is  the 
possibility  that  an  incision  through  malignant  tissua  might  -iissaTiinats 
or  "sctiyat-s''  a  t-rior  -Khich  aas  not  conpletely  rsaoved*     With  thes-s  things 
in  nind  aniioals  -sera  inoculatsd  bilaterally  '.d.th  idantissl  transplantable 
tincrs.   After  a  psriod  of  growth  one  tv,r^oT  yas  dit/lded  by  a  cr-aciat^g 
incision  "while  its  rjate  y?.3  Isft  undisturbed.     Controls  '??ere  also  observed^ 
Thsre  Tvas  no  evldsnc^  (in  this  snail  series)   that  the  host « 3  condition  aas 
vors3n3d  lij  this  procsdurso     In  factj  it  was  bettered  in  t'fo  casss,     JIaxt 
ti-io  groups  of  rds'3  ¥ere  inoculated  taith  a  singls  tu5tor»     After  the  tumors 
had  gro'-fn  to  large  sise  one  group  "saa  set  asida  as  controls  and  the  tumors 
of  the  second  group  i-isrs  incoapletsly  excisada     The  experisiental  groip 
svixnrivcd  significantly  longer  than  ths  coRtrol3«     In  thsse  mica  the  da- 
veloprrsnt  of  Estastasss  appsared  to  be  related  to  long  duration^  "which  is 
in  keeping  "Kith  the  observations  reported  in  ths  prsc-adinig  paragraph.     ThU3 
far  the  axpsrinients  permit  but  do  not  proTe  the  prsirdsea     Thers  are  roany 
factors  to  be  considered  in  tnJ.3  matter  snd  much  raore  'Jerk  laust  be  done* 
The  experir^nts  are  no"w  being  extended  to  spontaneoiis  tiomorsg     Obtaining 
s-oontaneous  tuTiC^rs  that  are  nell  raatched  is  sIo'^j  and  possibly  treacherous 
"worka     In  the   saall  asiount  done  so  far  the  ob3-^7ations  are  in  keeping 
with  what  has  been  said  already. 

Reactions  of  the  Tuiror 

¥e  pre"9lously  published  reports  th^i  the  po'^er  of  a  tumor  to  grow 
in  standardised  hosts  could  be  altered  experimentally  by  a  process  TJhich 
■we  no ncommit tally  called  "adaptation"*  Three  other  laboratories  (Hauschka 
in  PhJ-ladelphda^  Sti-ong  in  Buffalo,  and  Klein  in  Stockholm)  are  now 
working  on  some  aspect  of  this  problem  and  have  confirisd  o'lr  obser'ra- 
tions  in  one  way  or  another*     We  havg  repea-tad  and  confiraied  our  observa- 
tions on  s-ecificity.     Incident  to  this  "we  ha?®  observed  that  one  of  the 
changes  yhieh  may  occur  in  the  turner  is  its  tendency  to  grcv  for  a  con- 
siderable period  and  then  regress^further;  that  this  reaction  may  occur 
almost  exclusively  kn.  one  segregant  of  a  genetic  series.  We  have  also 


observed  that  when  ths  tiisor  is  "adaptad"  't^j  exposure  to  several 
succesoiYs  partlj  forsign  ho?t3  it  has  a  tsndsncj  to  reach  assort  of 
plateau,     Tha  plateau  may  rspreaant  sorae  major  condition  character i.-^tio 
of  "one  factor"  t'i-sorso     The  reason  for  saying  that  is  that  f  LnallT' 


r--,?«    >. 


las 


in  the  co'orse  of  over  150  transplant  gsnei^ations  the  s 
corns  to  res^sible  the  Marions  adapted  sublines  and  all  tend  to  bshavs 
33  "^one  factor"  t-ojRors  (thsy  yariousij  behaved  as  h,   3^  2,  and  1  factor 
tTi3K3i'3)«     IndicatioriS  that  ona  say  go  beyond  this  "one  factor'^   -xnditioii 
ma7  b'a  seen  in  tha  fact  that  four  tines  we  hava  suscsedsd  in  grcwin? 
the  ti:raor  in  a  resistant  forsign  atraino      Att^not^  to  sstond'^this  -t-r-.Tk 
depend  upon  obtaining  another  suitable  t'^norj,  ^hich  ive  are  tr^ring  to 
do.     Several  attempts  to  distingiusb  bst-ween  '^stozV.^  and  "adaptad''  tumors 
by  im-Tuinologic  techjiiques^  including  Hcecker'3  typing  sara,  hkvs  failsd* 

¥e  prev/iousl^T  reported  that  the  growth  of  a  certain  tunor  in  ?, 
hybrid  or  rasistant  backcros-s  hosts  'sjas  enhanoad  bj  the  pressnos  of 
th^  T^-ymiB-tj  t'l-tior  milk  agsnt  in  the  host?    This  Goaclusiria  yas  based  upon 
the  pres'.^nption  that  other  differsnses  bstween  the  Qifspri.ng  of  reciprocal 
matiags  youid  not  bg  likely  to  explain  the  results*     In  cooperatloa  yith 
Dr»   Deringar  ^e  haae  no'»i  soinplated  a  critical  test  of  that  preTumption 
and  have  found  It  justified^ 

Significa-nca 

Tha  field  itiith  which  this  "work  is  concerned  is  so  difficult  and 
colours  3.3  to  L'lake  clear  dafinitions  and  outlinss  alEcst  .tepossiblss 
Ne"7*?i*thsls3S)  there  i3  a  3lo"wl^'  groa'ing  body  of  eiridanjs  which  indicates 
that  there  are  interactions  bet?J33n  tissues  and  bet-ween  tissue  and  its 
host  -which  ir.volTe  critical  factors  in  the  phsnomena  of  cancer^   embryologj-, 
and  transplantation  of  nonnal  tissues^     A  dsfensibls  definition  of  caicsr 
earj-iot  be  gi-^an  today  except  in  descriptiTs  and  biologic  tsrniso     -The 
terms  '23.:,?llj  incl^jda  things  related  to  the  eApsririSnts  that  laa  have  baen 
describiuj-a     Tha  experinants  may  be  significant  in  several  i^ ays  both 
practical  aid  theoreticala 

The  most  important  implication  is  that  sos-e  of  thess  results  suggest 
t»rogTS33  toward  understanding  of  what  controls  the  £rc-=i-th  of  a  cancer 
and  how  th:L3  differs  froK  nor-iial  tissue^     We  havs  alrsady^seen  tl-at^a 
tuiTior's  po'ijer  to  ovarcoae  host  r?;:!.::  :i:e  cm  bs  altered:  its  rat-^  ^f  -      . 
gro-wthj  tendency  to  regre.53,   and  ',-=;;:.  1- \;rr  to  rie'C-astasi:;-:;  zvs   a^^  3Uo:v30-i^ 
to  axperiniental  change*     The  host's  re-:-'.-.-r\  -:::'    '- j  ai.;."^-  ■;;-;::  :i"^ncali.yj 
not  only  bets^een  similar  host3  but  also   ;-.:   :;„-:;  ^-^^nv  z^^s-^^'-"'      -^f''  f^  ''''^'^ 
ssm«  host*     Ths  ehan^iss  in  th?  tumor  ha.Ta  alixtsa  norph-jxogi"?^  c.a5ru.'"^is 
or  sarolcgic  definition.     One  of  th^  ^r:ti7~n<  ^^hiah  chan-:?:  ths  ^^'^  ^"i^  _ 
iwuld  be  missed  by  currant  che-rdcsl  -- v;   -;,     '    ; "'      ' 

a  biologic   description  of  the  factors  ■::hso  S'y''.~:.\    ;    ,  ■  .' .,,^ 

tyjnors  of  rr,an  and  aiiimals  t-o-  regress  and  that  z  """"■,  -    /"'^ 

already  been  obssrvad  i'n  this  laboratory  (ano.  0;..  : :  ~'     '   ^^  '         ^--^  ^^^___^^ 

s^xh  factors  naterially  effect  ths  outcome  of  siai^y  ehesio-t,hsrapeu-i,ic  exper^insnws* 


iC-t-^-v 


The  sxpsri;t^nt3  on  incomplsta  axsision  ■adll  hay?  an 
cbvioiis  direct  clinical  appiicatioa  if  thej  continue  to  ^i^rn 
out  as  at  present  a     Pallia  t?.on  in  3osi3  Lat^  ca-^es  of  canoar 
sight-  b3  possible  by  this  isethods 

Ths  experi^nants  on  "adaptations'  ars  of  importanca  in 
'onderstanding  transplantation  of  n'onnal  tissues  as  'rfeil  as  in 
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>.     PROJECT  DESCEIPTICai 
Objectives 

Efforts  have  been  directed  at  attcagrt^j  to  find  oetbods  for  producing 
or  studying  soiae  of  the  supposedly  etiologic  factors  in  gastric  cancer. 
?L  quSti^n  to  be  answered  here  vas,  does  otter«ise  normal  gastrxc  .ucosa 
beeoBie  abnormal  when  it  is  polypoid? 


Methods 


Ne«  techniques  in  experimental  surgeiy  have  been  «^1°P«1*°  ?!^* 
the  observation  of  various  influences  on  the  normal  mucosa  of  the  dog's 
stosBach* 

Fi  .-.dings 

v^  B.  r,iflBtic  surgical  procedure  gastric  polyps  vere  constructed  from 

t^",  S^fn^ra  X?f;i.  SdTt^pSc  ,^^  ae^lop-d,  ^t 
only  on  the  tip  of  the  polyp. 

Significance 

These  experiments  should  ^^^^.^'^.^flT^JT^lTfJeL^^^ 
If  Chronic  gastritis  is  ^  P^^^^^^^^!  ^^1  atrophic  after  a  time, 
STi^posed,  and  normal  mucosa  on  a  polyp  De-waeo  ^ 

(PI£ASE  ADD  SHEETS  AS  HECESSAEY  FCR  CCRTIKUATIOH) 
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as  these  experiments  show,  then  there  is  not  much  point  in  debating  ifliether 
a  polyp  is  malignant  or  benign  before  removing  it. 

Proposed  Course 

The  C0I017  of  dogs  has  been  closed  but  accumulated  specimens  in  other 
e^eriments  are  yet  to  be  8tudied«  In  addition  ve  are  trying  to  determine 
the  feasibility  of  a  series  of  e^eriments  in  rats* 
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To  "briiig  about  ade«3U&te  control  of  the  "biological  and  eajerlaental 
factors  -which  cause  esccessive  variations  and  interfere  with  precise  systenatic 
investigations  involving  the  Rous  sarcooa  virus-chicken  test-system  (a 
potentially  valuable  system  for  crucial  studies  on  carcinogenesis  particularly 
from  the  view  point  of  viral  etiology). 


Groups  of  chickens  are  inoculated  with  graded  doses  of  virus  and 
dose-response  curves  are  derived  under  various  conditions  app«^iate  *© 
particular  investigations.  The  dosage-response  curves  ^^^^jf  ^^^'^ 
Sols  for  the  quantitative  biological  investigations.  C^^^jjj*^*" 
reported  last  ^ar  (see  publication  listed  under  if)  »ade  poss^le  ^ 
pr^rvation  of  standard  saarples  of  virus  fo^^^*t*^!^,S!f  SiS  1^ 
This  development  pennittod  the  control  of  variations  ^^^P^f^.^^i^^L 
aniong  dif f^  iSL  of  virus  and  inade  P°f  iJl%*^?2^*i^^'^'S^t 
of  sources  of  variation  attributable  to  the  host,  which  are  now  under  way. 


Major  findings I 
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(a)  Using  standard  preparations  of  virus  it  has  "been  possible  to 
study  the  •variations  among  individual  chickens  as  well  as  aaong  different 
lots  of  chickens  hatched  at  different  times.  These  investigations  have 
revealed  an  ajaportant  source  of  heterogeneity  among  chickens  of  some  lots 
(T3ut  laot  others)  vhich  eppesore  to  be  associated  vith  changes  in  the  state 
of  susceptibility  of  the  host,  after  inoculation  with  the  virus  (i.e. 
daring  the  progress  of  an  experiment).  A  similar  observation  on  another 
tumor  vlnis  (Beard  et  al)  velb  attributed  to  the  developsent  of  an  "acquired 
resistance".  If  this  can  be  proved,  an  Issportant  advance  in  knowledge  of 
tumor  virus  action  will  have  been  made.  The  significance  in  relation  to 
the  present  objective  is  that  an  iirrportant  source  of  heterogeneity  has  been 
traced,  and  appropriate  statistical  procedures  have  been  introduced  for  its  , 
control.  The  methods  fotmd  to  be  applicable  were  those  of  Bliss  and  of 
Ipsen  pertaining  to  the  analysis  of  truncated  noimal  distributions.  The 
same  precision  of  bioassay  data  obtained  vith  the  most  accurately  measurable 
«^m>fti  viruses,  such  as  those  of  vaccinia  and  influenza,  can  now  be 
obtained  vith  the  Boos  sarccma  virus  (note.  This  represents  a  further 
increase  tn  precisicm  over  that  reported  last  year). 

(b)  Two  graphic  devices  were  prepared,  and  published  (see  under  l6), 
T^iich  allow  experimental  biologists  to  make  rough  estimations,  by  single 
procedures,  of  the  ntmbers  of  test  animals  re<jiiired  for  quantitative 
biological  studies  of  various  desired  degrees  of  accuracy  in  various  fields 
of  biology  (ineliiding  the  cancer  and  virus  fields).  Since  costs  and  animal 
housing  spa^e  are  related  to  numbers  of  animals,  the  relative  requirements 
in  different  fields  of  biology  can  also  be  estimated  rotjghly. 

Significance  to  cancer  research: 

Cancer  is  a  dynamic  biological  process  which  can  be  investigated 
in  the  dynj^ic  state  only  in  living  ^limals  or  ia  their  tissues  maintained 
in  vitro .  The  present  project  represents  a  progressive  effort  to  refine 
the  techniques  of  cancer  Investigation  in  the  living  animal  and  to  establish 
conditions  under  which  the  vario\is  variable  factors  which  might  interfere 
with  experimentation,  or  with  interpretation  of  results,  might  be  kept 
under  experimental  or  statistical  control.  From  the  eeoncmiic  stan(^int, 
in5)rovements  in  techniques  of  control  during  the  past  several  years  have 
resulted  in  a  reduction  by  a  factor  of  8  of  the  nuaiber  of  unit  biological 
obsermtions  required  for  a  given  degree  of  accuracy. 

Proposed  course  of  project; 

Incidental  to  dose-response  data  accunolated  routinely  during  the 
course  of  other  systematic  investigations,  analytical  studies  will  be 
laade  of  the  fluctuations  fMm  time  to  time  of  test  f^/^"il^„*; 
the  virus,  and  <rf  host  influence  <m  the  character  of  the  dosage -response 
cxcrre. 
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Objectives: 

To  obtain  the  Rous  sarcoma  virus  in  sufficient  quantity,  and  in  a 
sufficiently  high  state  of  purity,  to  permit  its  chemical  and  physical 
eharacterization,  as  veil  as  investigations  on  its  mode  of  action. 

Methods  employed; 

(a)  Enzymatic  degredation  of  aggregated  Impurities  from  >Mch 
the  virus  cannot  be  separated  in  appreciable  amounts  (i.e.  in  more 
than  microgram  quantities)  by  physical  separation  procedures,  alone, 
(e.g.  ultracentrifugation,  ultrafiltraticsa,  adsorption).  At  the  time 
of  last  year's  report  an  increase  in  yield  of  freely  dispersed  particu- 
lates (in  the  virus  size  range)  had  been  obtained  by  precipitating 
active  extracts  with  protamine  sulfate  and  trealaient  of  the  precipitate 
vith  the  enzymes  hyaluronidase ,  and  trypsin-  This  approach  was  continued 
on  an  ejcploratory  basis  until  the  optiieai  condiUons  had  been  worked  out, 
and  only  recently  was  activated  as  a  full  scale  investigation. 

(b)  Physical  separation  c  thods.  Once  freely  dispersed  p^iculate 
fractions  have  been  isolated  from,  tumor  tissue  extracts,  further  fraction^- 
of  the  particles  of  different  sizes  must  be  acccsrplished  by  physical  pro- 
cedures. Knowledge  of  the  physi-^al  constants,  density  and  sedimentation 
constant,  ware  therefore  require  i  before  adequate  physical  separation 
methods  could  be  devised.  These  were  detennined  last  y«f_if  ,^°"f ^6^*^^ 

studies  with  Dr.  H.  Kahler  (see  hi.  report,  and  publicationf>  under  16). 

(PI£ASE  ADD  SHEETS  AS  KECESSARy  FCR  CONTINU/^tlON) 
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Major  flncLlngB; 


:^^By  enzymatic  methods  together  -sith  dlfferentiea  centrifugation  in 
a&  \f^».ceBtrifu€e,  the  yields  ohtained  in  practical  laTxaratory  ruas  of 
freely  dispersed  particulates  (of  virus  size)  have  been  gradually  jLncreased 
to  an  order  of  magnitude  of  a  few  milligrams.  On  a  unit  of  nitro^n  "basis, 
and  in  coanparison  with  the  starting  crude  extracts,  the  refined  products 
hn^ye  varied  from  ahout  100  to  about  500  in  their  purification  ratios. 
jifjii^R^vfche  relative  proportions  of  virus  and  non  virus  psurticulates  are 
Wl^if  unknown,  no  statement  can  be  made  concerning  the  absolute  purity. 
Hev^ertheless,  virus  preparations  for  use  as  standards  of  reference  in 
quantitative  biological  experimentation  (see  project  no.  I)  can  now  be 
prepared  in  worliable  quantities  which  are  5  to  25  times  more  pure  on  a 
unit  of  nitrogen  basis  than  those  previously  available  (see  publications 
under  project  I). 

Significance  to  cancer  research; 

The  nat\n:*e  of  the  interactions  between  tumor  viruses  and  other 
intracellular  entities,  or  systems,  \riiich  might  be  concerned  in  cancer 
formation  cannot  be  investigated  tmtil  the  tumor  viruses  are  avallAble 
in  relatively  pure  form.  This  is  an  attempt  to  provide  one  such  tool 
for  basic  studies  on  carcinogenesis  at  the  intracellular-system  level. 

Proposed  coxgse  of  project; 

Efforts  will  be  made  to  further  increase  yields  of  dispersed 
particulate  fractions  of  this  same  degree  of  purity,  and  to  farther 
purify  them  hy  physical  methods,  taking  advantage  of  the  newly 
acquired  knowledge  of  the  physical  properties,  density,  and  sedimentation 
constant. 
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PROJECT  TITLE  '  ~ ~~ — - — — — 


W.  Ray  Bryan  ^  /^a^ 

PRIIiCIPAL  IlfVESnGATCF(s)     ~~" 7^ 


Dorothy  C&lnan  and  John  B.  Moloney 


OTHER  INVESTIGATORS 

PROJECT  DESCRIPTICa? 
Objectives : 


To  determine  whether  there  is  a  correlation  between  the  dose  of  virus 

used  to  initiate  a  tusior  and  the  amount  of  virus  extracta'ble  frcm  it.  (Or, 
to  sjxsver  the  question:  Is  the  chance  of  demonstrating  laros  ir>  a  cell-free 
extract  of  ttimor  tissue  a  function  of  the  dose  of  virus  by  which,  the  tumor 
was  produced?) 

This  is  considered  to  be  a  crucial  definitive  experiment  designed 
to  assess  the  plausibility  of  the  "viral  etiology  theory",  as  a  scientifically 
sound  and  potentiailj^  productive  experimental  approach  to  the  problem  of 
cancer  cavisation  in  general. 

Methods  atrployed; 

Prerequisite  to  the  execution  of  this  investigation  (which  because 
of  technical  necessity  is  extended  for  several  sionths  in  time)  was  the 
availability  of  a  stable  standard  preparation  of  Rous  sarcoaa  virus  (see 
project  I)  not  onl^  for  inducing  the  initial  tumors  over  a  wide  graded  dose 
series,  but  also  for  use  as  a  ccainaon  standard  of  potency  reference  in  later 
quantitative  bloassays  of  cell  free  extiscts  of  the  various  individual  tumors. 
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Using  a  constant  standard  preparation  of  the  virus,  'grs^rtis  of  chickens 
(ranging  from  10  at  high  doses  to  several  hundred  at  the  lowest  doses)  were 
inoculated  ^th  relative  doses  ranging,  in  10  fold  steps,  fron  a  dilution 
of  10-1  through  dilution  10"^.  The  resulting  tumors  vere  removed  from  their 
hosts,  oseptically,  and  stored  in  a  CO2  ice  chest.  Ten  or  more  tumors  are 
available  at  all  dose  levels  froa  dilution  lO'^  through  dilution  lO'"  but 
only  3  tumors  have  "been  obtained  thus  far  at  dilution  10-7,  and  none  it  the 
highest  dilutions  (lO-o  and  10-9),  i.e.  the  lowest  doses.  The  tumors  are 
being  extracted  and  tested  as  rapidly  as  technically  possible  (the  assay 
of  each  requires  a  minisrcm  of  30  to  50  test-chickens  and  a  period  of  "^ 
days).  Before  testing,  each  extract  is  freed  of  possible  Intact  tumor 
cells  by  repeated  centrifugation  xmA&x  conditions  previously  proven  to  be 
adequate  for  this  purpose .  (Filtration  was  not  used  because  large  quantities 
of  virus  are  rasoved  frcai  suspension  through  adsorption  on  the  filters). 
Over  40  tumors  have  been  tested. to  date  in  quantitative  biostssays  involving 
approximately  2000  test-chickens  {x-^a-W^  G^r»A^^). 

Major  findings: 

The  results  are  incoo^plete,  but  already  it  can  be  definitely  stated 
that  there  is  a  highly  significant  correlation  between  the  eaaounts  of  virus 
by  \diich  the  experimental  tumot^  were  produced  and  the  amounts  which  can 
be  demonstrated  in  their  cell-free  extracts  under  constant  testing  con- 
ditions. Tumors  produced  with  the  highest  doses  (lowest  dilutions)  have 
uniformly  yielded  highly  potent  extracts, ^ereas  those  induced  with  the 
lowest  doses  (highest  dilutions,  e.g.  lO""  and  lO'T)  have  been  unifoinly 
relatively  weak  or,  in  a  few  instances,  ccaaspletely  inactive.  Furthermore, 
the  tumors  produced  with  intermediate  doses  have  given  cell-free  extracts 
of  intermediate  potency. 

Significance  to  cancer  research; 

In  spite  of  the  fact  that  certain  special  conditions  are  known 
under  which  virus  cannot  be  demonstrated  in  tumors  known  to  have  been 
virus  induced  (e.g.  the  Shope  papillcsaa  produced  in  domestic  rabbits 
(genus  Oryctol&grus)  with  virus  extracted  from  papillcsaas  of  wild  cotton 
tail  rebbitFTgSus  Sylvilagus ) ,  its  nati2ral  host)  it  has  been  generally 
assiEsed  by  investigators  in  the  cancer  field  that  any  tumor  having  a 
virus  etiology  should  yield  demonstrable  virus  on  extraction.  Corollary 
to  this  aesuErption  has  been  the  belief  that  failure  to  demonstrate  virus 
in  cell-free  extracts  of  timiors  arising  spontaneously  in  nature,  or 
under  certain  eaqperimental  conditions,  is  Justification  for  the  considera- 
tion of  such  "negative"  tianors  as  being  of  non- viral  origin. 

The  present  findings  show  decisively  that  this  is  not  a  valid 
assusiptioa,  and  -teat  even  with  the  most  highly  potent,  and  most  rapidly 
acting,  t\Eaor  virus  known  at  the  present  time,  reproducible  experimental 
conditions  can  be  found  (involving  relative  virus  dosage  and  relative 
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host  sxisceptitility)  tcader  «hich  tianors  knowa  to  "be  Tiros  imauced  vlll 
yield  little  or  no  virus  on  extraction.  (The  present  tTmors  vere  tested 
under  carefolly  vorked  out  optimal  conditions  for  this  particular  virus 
vhich  included  their  extraction  vith  isotonic  potassium  citrate  solution. 
Under  the  usual  conditions  more  generally  employed  in  testing  for  viruses, 
such  as  sodium  chloride  extraction  and  filtration  through  porcelain  filters 
it  is  probable  that  most  of  the  tumors  induced  "by  the  weakest  doses  vould  ' 
have  "been  found  to  he  "completely  inactive",) 

Since  the  incidence  of  tvmors  among  experimental  animsils  decreases 
iri.th  dose  as  the  dose  is  lowered  below  a  certedLn  level  (e.g.  dilution  10"5 
una^r  present  conditions),  it  is  logical  to  assume  that  the  "spontaneous" 
tisnors  vhich  occur  vith  extremely  low  frequency  \mder  natural  conditions, 
VDuld,  if  virus  induced,  represent  the  products  of  extremelj'  low  doses  of 
virus.  On  a  basis  of  the  present  findings,  therefore,  "spontaneoxis"  tumors 
resulting  from  even  as  "virulent"  a  tumor  producing  virus  as  that  of  Sous 
sarcosaa,  would  not  be  ei?>ected  to  yield  detectable  amounts  of  the  inducing 
viral  agent  on  extraction.  The  failure  to  demonstrate  vims  in  taoors 
should  not  therefore  be  considered  as  contradieatory  to  an  aggressive 
s^^tematic  approach  to  the  problem  of  carcinogenesis  in  general  frcga.  the 
viewpoint  of  a  possible  viral  etiology. 

Proposed  course  of  project; 

Several  more  months  will  be  reqpired  for  the  completion  of  the 
present  study,  parti ctHarly  its  extension  to  extremely  low  doses  which 
produce  tumors  with  the  very  low  frequencies  (less  than  0^  per  cent) 
observed  under  natural  conditions  (for  sarccEaas  of  the  present  type). 

One  of  the  first  questions  ^^ch  presents  itself  for  further 
investigation  is  whether  the  low,  or  nil,  virus  content  of  the  low- 
dose  tumors  is  due  to:  (a)  failure  of  the  virus  to  Eraltiply  to  the  same 
total  extent  as  in  high-dose  txmors,  and  thus  to  reach  concentration 
hi,gh  enough  to  peimit  detection,  or  (b)  production  by  the  host  of 
Ijaixibitory  or  "masking"  substances  ^rtiich  neutralize  the  vims  as 
rs.pidly  as  it  is  reproduced,  vhen  the  initial  invading  doses  are  small. 
These  alternatives  are  not  mutually  exclusive  and  both  could  be  opera- 
tive at  ti^  same  time.  Abundant  evidence  of  inhibitory  substances  in 
some,  but  not  in  other,  extracts  of  Rous  sarcoma  has  been  reported. 
One  fowl  ssurccsaa  is  known  (tumor  X  of  the  Rockefeller  Institute  series) 
vrMch,  though  transniissible  by  cell  transplantation,  failed  to  yield 
virus  on  extraction  during  its  early  history.  Subsequent  studies  re- 
•vBaled  that  a  virus  could  be  recovered  from  "inactive"  extracts  of  the 
tuniors  by  precipitation  in  an  ultracentrifuge .  The  supemaisSnt  was 
capable  of  reiziactivating  the  recovered  virus,  however,  if  remixed  with 
it.  Attempts  will  "be  mfiids  to  dicplicate  this  phenaaenon  with  extracts 
of  low-dose  tumors.  If  successful,  conditions  will  be  available  for 
producing,  at  will,  extracts  containing  either  excess  inhibitor  or 
excess  virus.  Purification  and  study  of  these  two  factors,  together  with 
the  interactions  between  them  under  contrqlled  conditions,  should  throw 
light  on  the  basic  mechanisms  of  carcinogenesis,  and,  possibly,  mi^t 
suggest  methods  for  slowing  down  or  reversing  neoplastic  reacticms. 
(See  project  IV,  for  a  microbial  product  "Xerosin"  (Groupe)  which  is 
kpable  of  slowing  do«n  this  neoplastic  reaction  to  Rous  sarcoma  virus). 
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Studies  on  the  Roxxs  sarccma  virus.  IV.  The  effect  of  the  microbial  product 
Xerosin  (forEerly  knovn  as  "A.P.M")  on  tumors  induced  "by  the  virus. 
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PROJECT  DESCRIPTION 
Objectives; 

To  st^ldy  the  nature  of  the  action  of  Xerosin  iriiich  is  capable  of 
prolonging  the  latent  period  and  slowing  the  growth  iB,te  of  tumors  induced 
with  the  Rous  sarccata  virus  (i.e.  /^i^gng^ng  the  tumors  to  a  less  msLLigoant 

fOZBl). 

Methods  ggployed; 

This  investigation  is  still  in  the  e^loratory  stage,  see  following 
"Susmary  of  Project". 

Suiuuiai'y  of  Project; 

This  exploratory  investigation,  being  carried  on  in  an  informal 
collaboration  with  Dr.  Vincent  Groupe,  Institute  of  Microbiology,  Rutgers 
IMiversitv,  is  not  far  enough  advanced  to  merit  the  reporting  of  results 
at  this  time.  The  following  summary  is  for  the  information  of  section, 
laboratory  and  branch  chiefs,  only,  and  is  not  intended  for  inclusion  in 
a  published  annual  report. 
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As  reported  last  year,  Xerosin  (APM)  admiaistered  to  chicken* 
vbich  had  received  relatively  high  doses  of  the  Rous  sarccma  virus 
caused  a  prolongation  of  the  latent  peilod  (equivalent  to  a  redaction 
in  dose  of  2  log  intervals)  and  the  tiansfoimation  of  some  of  the 
tumors  (about  l/k)   to  a  fiim,  slov  growing  type.  The  change  in  type 
was  similar  to  that  observed,  less  frequently,  with  very  low  doses 
of  virus  (e.g.  ED  50  and  below).  Ho  virus  was  recovered  from  one 
slow  growing  tumor  carried  throvigh  several  transplants  after  arising 
in  a  Xerosin  treated  chicken.  This  suggested  that  Xerosin  might  be 
capable  of  "masking"  the  virus  in  vivo,  or,  if  not  directly,  stimulating 
the  chicken  to  do  so  through  seme  mechanism  already  operative. 

It  is  planned  to  resume  studies  on  Xerosin  in  this  regard  as  soon 
as  possible,  but,  other  background  methods  and  infornaticm  had  to  be 
worked  out  first.  With  the  availability  of  stable  standards  preparations 
of  the  Rous  sarccasa  virus  (see  project  l)  a  study  of  the  occurrence  of 
slow  growing  tumors  at  low  doses,  and  of  their  virus  content,  was 
launched  (see  project  III).  The  background  information  of  the  latter 
investigation  is  essential  before  the  results  obtained  with  Xerosin 
could  be  properly  interpreted,  and  no  new  experiments  involving  Xerosin 
were  started  during  the  year.  It  is  planned  to  resume  them  in  about  3 
months. 

The  significance  to  cancer  research  is  that  Xerosin  appears  to 
induce  a  condition  in  high-dose  tumors  vhlcb.  occurs  naturally  in  low- 
dose  tvmors  (see  corments  \mder  project  III),  and  that  it  may  therefore 
constitute  a  valuable  tool  for  attacking  one  of  the  crucial  problons 
in  virus  cancer  research  (the  "masking  phenctsienon"). 
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PBOJECT  DISCEIPTION 

jectivest 

Genetic  studies  of  tumors* 

1«     To  study  the  effect  of  the  injecticn  of  the  manmary  tumor  agent  into  agent- 
free  C3Hf  mice  during  the  late  stages  of  pregnancy  at  which  timg  the  agent  has 
been  reported  to  disappear  from  the  blood  of  mice  which  carry  the  agent,  and  to 
see  if  the  agent  can  be  transferred  through  the  uterine  wall  to  the  fetus  (in 
cooperation  with  Dr.  Heston), 

2.  To  study  the  effect  of  the  subcutaneous  injection  of  o-aminoazotoluene  on 
the  production  of  hemsmgio-endotheliomas  in  strain  HR  micee     It  has  been  ob- 
served that  heraaugio-^ehabtheliomas  developed  spontaneously  in  18^  of  a  group 
of  untreated  strain  HR  mice.     No  other   strain  of  mice  has  been  described  in 
which  henangio-endotheliomas  occur  frequently  but  they  have  been  produced  by 
subcutaneous  injection  of  o-arranoazotoluene  in  strains  BALB/c,  A,  C3H,  and 
C57BL. 

3,  To  produce  a  mammary  t-umor  agent-free  strain  of  mice  from  animals  developed 
from  transferred  ova, 

k*     To  determine  x^rhether  a  mammary  tumor  agent  is  present  in  strain  BL  (Bagg  L) 
and  in  strain  Sffi  (Svri.ss)(in  cooperation  with  Dr.  Heston)e 
5,     To  stud,7  the  relationship  of  certain  knoirm  genes  (¥•  -  dominant  spotting, 
Ga  -caracul,  ami  Fii  -  f'ased  tail)  in  mice  to  the  production  of  pulmonary  tumors 
induced  by  the  injection  of  a  hydrocarbon  (in  cooperation  with  Dr,  Heston), 


(PI£ASE  ADD  SHEETS  AS  NECESSARY  FCS  CCNTINUATICaJ) 


HCl-421      .  Page  2. 

^*     1°  P^°^^°^  special  types  of  anijnals  for  collaborative  experiments  with 
Dr.  M.  K.  Barrett  (see  Dr.  Barrett's  report  for  detaiS)!  ^'^^'^'^®^*^  ^*^ 

Genetic  study  of  a  mutant. 

1.     To  test  a  mutant,  pheno-trTpicaLly-like  waltaer  which  arose  in  strain  A 
mice  maintained  m  this  laboratory  (in  cooperation  with  Dr.  Heston)« 
Methods  employed 

1,  Ck-oups  of  strain  C3Hf  mice  have  been  injected  intraoeritoneally  i-jith 
0,5  cc.  of  a  5p  cell  free  extract  of  a  mammary  gland  tumor  from  a  strain  C3H 
mouse.     The  groups  of  animals  were  injected  1-3,  U-6,  and  7-9  days  before  the 
birth  of  the  young j   immediately  following  the  birth  of  the  young;  and  when 
the  first  litters  were  weaned.     Two  groups,  maLntained  as  virgins,  have  been 
injected  at  US  and  6$  days  respecti-;ely,    Uninjected  female  mice  have  been' 
allowed  to  produce  one  litter  each  and  then  have  been  retired  at  the  time  at 
which  these  litters  were  weaned.     Approximately  200  female  offspring  of  mothers 
injected  before  the  birth  of  the  young  have  been  kept  as  virgins.     The  animals 
in  this  experiment  will,  be  maintained  as  long  as  possible  and  a  stuc^^  of  the 
occurrence  of  mammary  gland  tijunors  and  of  other  types  of  timors  Td.ll  be  made. 

2,  One  hundred  strain  HR  mice   (equally  distributed  as  to  sex  and  as  to  the 
presence  or  absence  of  hair)   have  been  injected  with  100  mg,  of  o-aminoazoto- 
luene  dissolved  in  olive  oile     The  injections  were  started  when  the  animals 
were  2  to  2|-  months  of  age  and  were  given  In  monthly  doses  of  10  mg,  each* 
One  hundred  uninjected  anijals  serve  as  controls.     All  of  the  animals  are  be- 
ing observed  for  the  development  of  tumors  and  of  aay  unusual  lesions, 

3,  Strain  C3H  and   strain  C57BL  females  are  observed  each  morning  for  the 
presence  of  vaginal  plugs  -  a  sign  that  mating  has  occurred.     Two  or  three 
days  later  the  strain  C3H  females  are  killed  and  fertilized  ova  are  obtained 
from  the  oviducts  or  uterus.     These  ov&-  are  transferred  to  the  uterus  of 
strain  C57BL  females  and  allowed  to  develop  there, 

U,     Newborn  strain  C3Hf  female  mice  are  foster-nursed  on  strain  BL  and  on 
strain  S'a'R  females.     The  foster-nursed  animalB  are  maintained  as  virgins  and 
are  observed.^or  the  development  of  mammary  gland  tumors. 

5«     The  mice~tis~ed  in  this  experiment  were  offspring  produced  by  mating  T-^  hy- 
brids of  strains  WCaFu  and  A  with  stredn  119lt«   .The  animals  were  injected  in- 
traperitcneally  xd.th  0,5  mg.  of  l,2,5,6-diben2;anthracene  at  two  months  of  age. 
They  were  autopsied  at  10  months  of  age  and  were  observed  for  the  development 
of  pulmonary  tumors  and  of  any  umisual  lesions, 

1,     Strain  A  males,   showing  the  waltzing  character  were  outcrossed  to  strain 
119li  females,     E, ,  ?„,  and  backcross  generations  were  produced  and  data  were 
collected  regarding  the  presence  of  the  character  in  the  different  groups  of 
animals, 
>lajor  findings, 

le     In  the  group  injected  1-3  days  before  the  birth  of  the  young,  9  of  a  group 
of  50  females  have  developed  mammary  gland  tumors  at  an  average  age  of  21  months; 
the  non-tu.morous  animals  died  at  an  average  age  of  19 *k  monthss     In  the  group 
injected  U-6  days  before  the  birth  of  the  young  11  of  a  group  of  h6  females  have 
developed  mammary  gland  tumors  at  an  average  age  of  21,U  months;   the  non-tiimorous 
animals  died  at  an  average  age  of  19,2  ronths.     In  the  group  injected  7-9  days 
before  the  birth  of  the  young  i;  of  a  ^ .  oup  of  28  have  developed  mammary  gland 
■biraors  at  an  average  age  of  l6.0  months;   the  non-tumorous  anim^als  dying  at  an 
average  age  of  18.6  months.     In  the  group  of  animals  injected  at  the  wearJjig 
of  the  first  litter  5  of  a  group  of  ^0  animals  developed  mammary  gland  tumors 
at  an  average  age  of  2hJ4  monthsj  the  n6n~tamorous  animals  died  at  an  average 
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age  of  19.8  months.  Seven  of  1^9  of  the  offspring  of  injected  mothers  de- 
veloped immarj  gland  tumors  at  an  average  age  of  19,3  months?  the  non» 
t-'jmorous  animals  died  at  an  average  age  of  20,U  months.  Three  of  5?  of 
the  females,  retired  after  the  weaning. of  their  first  litter,  developed 
mammary  gland  tumors  at  an  average  age  of  18®5  months j  the  non-tumor ous 
animals  &ed  at  an  average  age  of  21,6  months.  In  the  groups  in;jected  at 
k$  and  65  days,  k  of  UO  females  in  the  former  and  2   of  ^2  females  of  the 
latter  group  developed  mammary  gland  tumors  at  average  ages  of  16,2  and 
19.0  months  respectively^  the  non-turaorous  animals  died  at  average  ages 
of  20,1  ajid  20,5  months, 

2,  In  all  of  the  animals  of  the  injected  group  which  have  been  autopsied, 
the  incidence  of  hemangio-endotlielioraas  and  of  hepatomas  has  been  increased 
over  that  of  the  untreated  groups*  Multiple  tumors  of  both  types  have  been 
observed  in  the  injected  animals  as  compared  with  the  occurrence  of  single 
tumors  in  the  untreated  animals, 

3,  Seven  successful  transfers  of  fertilized  ova  have  been  made*  Three  lines 
of  C3He  mice  hav?  been  started,  one  of  which  ha^  been  begun  with  a  brother 
X  sister  mating, 

U«  Jive  of  a  total  of  10  strain  C3Hf  fem^es,  foster-nursed  by  strain  BL^ 
have  developed  mammary  gland  tumors.  The  tumors  have  appeared  at  an  average 
age  of  li;«U  months^  the  non-turaorous  animals  have  died  at  an  average  age  of 
15,6  months.  All  of  the  C3Hf  females,  fostered-nursed  on  strain  SnJR,  are 
still  alive« 

$o   Seventy-five  of  110  animals  exhibiting  dominant  spotting  developed  pul" 
monary  tumors  following  intraperitoneal  injection  of  dibenzaathracene© 
Eighty-three  of  129  animals  without  spotting  developed  pulmonary  tumors* 
The  difference  between  the  two  is  not  significant?  X^  a  ,39^  p  is  between 
0,5  and  0»7»  Thirty  of  k9  animals  with  caracul  coat  and  128  of  190  animals 
with  normal  coat  developed  pulmonary  tumors©  Th®  difference  between  them 
is  not  significants  X^s  •65,  P  is  between  0*3  and  0,5.  Twenigr-six  of  h9 
animals  with  fused  tail  and  132  of  190  animals  witti  normal  tails  developed 
pulmonary  tumors.  The  difference  between  the  two  is  significanti  T^    s  I*,?* 
P  is  between  0,03  and  OeOl;* 

1,  In  the  (II9U  X  A)  ¥2   animals,  75  of  a  total  of  6324  animals  (11,8^  ex- 
hibited the  waltzing  character  and  in  the  (119ii  x  A)-ABC  animals,  97  of  a 
total  of  251  animals  (38,6^)  exhibited  it.  These  results  indicate  that  prob- 
ably this  character  is  due  to  a  single  recessive  gene. 
Significance  to  cancer  research 

A,  It  is  already  well  established  that  ihe  genetic  constitution  influences 
the  development  of  tumors.  All  facets  of  this  project  will  add  more  infor- 
mation to  that  already  existing  concerning  the  mode  on  inheritance  of  var- 
ious types  on  tonrors,  ■ 

B.  The  study  of  the  mutant  msy  be  of  significance  in  providing  another  known 
character  which  will  be  of  use  in  the  linkage  studies  of  factors  influencing 
susceptibility  to  various  types  of  tumors. 

Proposed  course  of  the  project 

1.  This  study  will  continue  through  1955   ^   ,  ,  ^   ,    v   ^^^^^^a 

2,  All  of  the  mice,  with  the  exception  of  l5  haired  females,  l^ve  received 
the  proposed  dose  of  100  mg,  of  o»ama.ioa.otoluene.  The  remaa^i^  ^^^"^^ 
^U^hle  received  their  total  dose  by  April  1955.  ^^f  S%;^^!f,^^t^ 
experimental  and  the  control  animals  have  ^^^^/f ?f  ^f  •  ^"^^nf^S 
that  this  study  will  be  completed  in  the  second  half  of  the  commg  year. 


-&^^  PageU 

3,     As  soon  as  sufficient  C3He  aninals  are  available,  e:q>eriraents  which 
have  been  planned  with  Br.  Heston  will  be  undertaken. 
U.     It  is  anticipated  that  this  experiment  will  continue  through  ±9$^* 
^»     This  experiment  has  been  con?)leted» 

6.     Special  types  of  animals  will  continue  to  be  produced  for  the  experi- 
ments with  Dr.  Barrett. 
B»        1.    Further  esqseriinents,  designed  to  established  whether  or  not  the  charac- 
ter described  as  waltzer  is  due  to  a  single  recessive  gene,  are  planned  for 
195$. 
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PROJECT  DESCRIPTION 

Objectii-BSt 

1,  Tc  ascertain  whether  the  incidence  of  papillomas  of  the  skin  could  be 
increased  in  strain  KR  mice  following  an  exposure  to  UOO  r  X  radiation 
within  12  hours  after  birth  (in  cooperation  with  Dr.  Lorenz) « 

2,  To  study  the  breeding  be'-avior  of  (C57L  x  A)7-   hybrid  mice  following 
X  radiation  to  the  ovaries  cnUy,   to  the  whols   body,  to  the  whole  body  with 
ovaries  shielded,   and  to  tr-e  whole  body  with  ovaries  and  spleen  shielded*. 
To  stydy  further  the  mechanism  of  the  production  of  ovarian  tu-mors  follow- 
ing irradiation  (in  cooperation  with  Dr.  Lorenz). 

Methods  employed: 

1.     Hairless  and  haired  mice  of  both  sexes  of  the  HR  strain  were  exposed  to 
a  total  dose  of  iiOO  r  X  radiation  within  12  hours  after  birth*     The  animals 
were  observed  at  weekly  intervals  during  the  course  of  the  experiment*    VJhen 
they  beca:ne  moribund  or  died,  autopsies  were  performed*     Routine  sections 
were  made  of  certain  organs  and  sections  of  any  tumor  or  axzr  unusual  lesion 
were  also  made* 

2*     Groups  of  female  (C57L  x  A)  F,   hybrid  mice  were  exposed  at  two  months  of 
age  to  total  doses  of  iiOO,  300,  200,  100,  50,  25,  aid  12.5  r  X  radiation  to 
the  ovaries  only  in  one  series  arid  to  the  whole  body  in  another*     An  additional 
group  was  exposed  to  a  total  dose  of  500  r  to  the  ovaries  only*     The  exposed 
females  were^ mated  to  untreated  males  iroTediately  following  irradiation.     A 
group  of  untreated  females,  which  were 'mated  to  untreated  males  at  two  months 


(PLEASE  AM)  SHEHS  AS  KECESSARY  FCR  CONTINUATION) 


of  age,  were  maintained  concurrently  with  the  expermental  animals,  a-oups 
of  female  (C57L  x  A)  F^  hybrid  mice  were  exposed  at  two  months  of  a^^e  to 
UOO  r  X  radiation  with  ovaries  surgically  exteriorized  and  shielded°by  a 
lead  shield  and  to  900  r  X  radiation  with  ovaries  and  spleen  surgica.31y  ex- 
teriorized and  shielded  by  a  lead  shield*  Ten  days  following  irradiation 
the  animals  were  mated  to  untreated  maleso  Groups  of -animals,  in  vtilch  the 
ovaries  and  the  ovaries  and  spleen  were  surgically  exteriorized  and  put  into 
lead  shields,  were  maintained  as  controls.  The  siib sequent  breeding  behavior 
of  all  of  these  groups  of  mice  was  studied.  Autopsies  were  performed  on  the 
majority  of  the  experimental  and  control  animals  and  material  for  histologic 
study  was  obtained. 

Maj  or .  finding  s : 

1^!  A  total  dose  of  UOO  r  I  radiation  failed  to  increase  the  incidence  of 
papillomas  of  the  skin  in  strain  HR  mice  but  a  decrease  in  the  average  age 
of  appearance  of  the  papillomas  was  noted.  A  few  squamous  ceU  carcinomas 
were  observed  in  the  irradiated  hairless  animals. 

The  number  of  ovarian  tumors  was  increased  in  irradiated  strain  ER  fe- 
males as  compared  wi1ii  that  in  the  control  females. 

Itemage  to  the  ovaries  and  testes  of  the  strain  HR  animals  was  the 
principal  result  of  the  esq^osure  to  a  total  dose  of  iiOO  r  X  radiation  within 
12  hours  following  birth. 

2.  Female  (C57L  x  A)  F,  hybrid  mice  in  which  the  ovaries  only  were  exposed 
to  total  doses  of  300  to  500  r  produced  one  litter  and  vrere  sterile  there- 
after. Litter  size  was  reduced  as  compared  with  that  of  untreated  mice* 

Females  in  t*iich  the  ovaries  only  were  exposed  to  total  doses  of  $0   to 
200  r  produced  multiple  litters  of  litter  size  somewhat  less  as  congjared 
with  untreated  mice. 

Females  receiving  total  doses  of  100  to  liOO  r  to  the  -whole  body  produced 
only  one  litter,  with  reduced  litter  size  except  in  the  100  r  group,  as  com- 
pared with  untreated  mice. 

Females  receiving  total  doses  of  12.5  r  to  50  r  to  either  site  produced 
multiple  litters  of  conDarable  size  with  the  untreated  animals  in  the  12.5 
and  25  r  groups  but  with  reduced  litter  size  as  compared  with  the  untreated 
animals  in  the  $0  r  groups. 

The  breeding  behavior  of  andjnals  receiving  itOO  r  with  the  ovaries  shielded 
was  similar  to  that  of  ihe   control  group.  In  animals  receiving  900  r  wxth  the 
ovaries  and  spleen  shielded  the  average  litter  size  was  slightly  reduced  as 
coKgjared  with  that  of  the  controls. 

Ovarian  tumors  occurred  in  all  of  the  animals  receiving  total  doses  of 
300  to  500  r  to  the  ovaries  only  and  total  doses  of  100  to  i;00  r  to  the  whole 
body  and  also  in  some  of  the  feiraaes  receiving  total  doses  of  50  to  200  r  to 
thfovaries  only  and  in  some  of  those  receiving  a  total  dose  of  50  r  to  the 
whole  body. 
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The  greatest  effect  of  X  radiation  was  noted  when  animals  received  irrad- 
iation to  the  whole  body,  a  lesser  effect  when  ovaries  only  were  irradiated, 
and  the  least  effect  when  the  whole  body  was  irradiated  with  the  ovaries 
shielded.  Although  the  greatest  effect  was  obtained  when  the  whole  body  was 
irradiated,  it  was  necessary  that  the  irradiation  include  the  ovaries.  No 
effect  was  apparent  when  the  whole  body  excluding  the  ovaries  was  irradiated 
other  than  that  which  could  be  ascribed  to  the  operation  itself, 

ignif icance ; 

Radiation  is  employed  in  both  the  study  of  and  the  treatment  of  cancer. 
These  studies  aid  in  throwing  light  on  the  underlying  mechanisms  of  its  action, 

roposed  Course  of  Projecti 
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).     PROJECT  EffiSCEIPTION 

A.  Objectives:  To  increase  understanding  of  the  interaction  of  tissues 
and  the  corcponentc  of  rudijnents  in  nonnal  development  as  these  relate  to 
the  differentiation  of  new  cell  types,  and  to  apply  infoiroation  obtained 
to  pathological  problems,  in  particular  to  problems  of  tumori gene  sis  and 
malignancy. 

B.  Methods:  Developing  rudiments  of  mouse  organs,  e.  g.  kidney,  salivary 
gland,  and  aj^ial  skeleton,  are  separated  into  their  components  and  cultured 
in  isolation  and  in  various  recombinations  to  determine  the  degree  to  which 
their  development  is  interdependent  and  the  nature  of  the  interactive 
mechanisms  involvedc  Development  is  observed  in  vitro  and/or  on  reim- 
plantation into  the  anterior  chamber  of  the  eye« 

C.  Major  Findings:  In  the  past  year  primary  attention  has  been  ''evoted 
to  two  interactive  or  inductive  systems  in  vitro,  embryonic  spinal  cord  - 
kidney  mesenchyme  and  embryonic  spinal  cord  -  somite  mesoderm.  The,  e  two 
systems  differ  in  several  characteristics,  and  it  is  hoped  that  in  ti^ir 
detailed  comparison  clues  to  the  nature  of  inductive  mechanisms  may  be  found. 
Advances  have  been  made  along  the  following  lines: 
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a)     Technique: 


1)  The  tissu*  dish  culture  method  developed  last  year  has 
been  improved  and  refined  by  modifications  in  the  culture 
vessel  and  humidified  incubator  to  give  better  optical 
conditions  and  greater  reliability* 

2)  Methods  have  been  developed  for  more  reliable  and  conven- 
ient culturing  of  tissues  on  opposite  sides  of  membrane  filters, 
3n.elding  higher  frequencies  of  induction  under  conditions 
susceptible  to  more  rigid  experimental  control* 

b)     New  information: 

1)     Kidney  system  -  It  was  demonstrated  last  year  that 
embryonic  central  nervous  tissue,  like  the  kidney  and 
salivary  epithelial  buds,   can  induce  tubule  formation 
in  vitro  when  combined  with  embryonic  kidney  mesenchyme* 
Further  studies  have  localized  this  activity  in  the 
dorsal  two-thirds  of  the  cord,  the  ventral -most  region 
being  completely  inactive*.     Activily  is  present  in  9  and 
ll-dsj'  cord,  is  weaker  in  the  13-dsy  cord  and  is  nearly 
absent  in  the  l5-day  corde     Four-d&y  embryo  chick  spinal 
cord,  at  a  stage  comparable  with  that  of  the  9-dsy  mouse 
embryo,  can  also  induce  tubules  in  mouse  kidney  mesenchyme, 
the  activity  being  similarly  localized  in  the  dorsal  region 
of  the  cord. 

Much  attention  has  been  devoted  to  the  interaction  between 
spinal  cord  and  kidney  mesenchyme  through  membrane  filters  in 
an  effort  to  characterise  the  filter -passing  influence.     When 
first  reported  last  year  this  reaction  was  weak  and  variable, 
and  the  factors  responsible  for  the  variability  have  been 
extensively  studied.     Chief  among  then  appear  to  be  the 
porosity  of  the  filter  itself,  and  a  number  of  technical 
procedures  which  effect  the  intimacy  of  contact  between  the 
two  tissues  and  the  filter.     The  reaction,  under  the  con- 
ditions studied,  seems  to  proceed  best  at  porosities  pro- 
vided by  the  aerosol  tjrpe  filter  and  to  be  distinctly  limited 
at  the  porosities  of  the  hydrosol  type  filter.    Thickness 
of  the   filter,  up  to  30  microns,  does  not  appear  to  be 
limi tinge     On  the  other  hand,   separation  of  either  tissue 
from  the  filter  by  even  very  small  distances  appears  to 
completely  eliminate  the  interactionc  At  porosities  permit- 
ting strong  inductions  penetration  of  the  filter  by  cellular 
processes  occurs,  but  weaker,  less  regular  inductions  occur 
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at  porosities  which  prevent  cellular  penetration  visible 
with  the  optical  microscopeo  Study  is  still  in  progress, 
but  available  data  yet  afford  no  evidence  of  freely  diffusing 
molecules  as  the  effective  agencye  Rather  there  is  pre- 
ILminary  evidence  of  the  involvement  of  a  complex  cohesive 
material  including  proteins  amd  higher  polysaccharides, 
possibly  of  mucopolysaccharide  tj^eo  The  role  of  the 
cellular  processes  is  not  yet  ftilly  evaluated*. 

The  filter  procedure  permits  interruption  of  the  inductive 
process  at  any  point  by  separation  of  the  interacting 
tissues.  Preliminary  studies  of  this  kind  indicate  that 
between  2k   and  U8  hours  of  exposure  to  spinal  cord  is  re- 
quired before  kidney  mesenchyisie  can  continue  to  form  tubules 
on  separationc  During  this  same  period  the  first  morpho- 
logically visible  tubule  rudiments  appear.  This  clearly  is 
the  time  of  "determination"  of  new  properties  in  the 
mesenchyme,  and  gives  opportunity  for  control  and  detailed 
study  of  t  he  events  involved  in  cells  and  tissues  as  they 
alter  in  type© 

2)  Somite  system  -  The  segmented  mesoderm  or  somites  arranged 
on  either  side  of  the  embryonic  nervous  system  are  the 
source  of  a  number  of  cell  -types  of  the  adult,  =Sig*  cartilage, 
bone,  and  muscle.  Recently,  it  was  reported  in  lower 
vertebrates  that  the  formation  from  these  somites  of 
vertebral  cartilage  is  dependent  on  some  stimulus  from 
the  spinal  cord.  It  has  now  been  shown, at  a  stage  when 
scsnites  alone  produce  no  cartilage  in  vitro/^somites  conibined 
with  a  fragment  of  spinal  cord  produce  cartilage  around  the 
cord  in  arrangements  which  resemble  those  of  normal  develop- 
mentc  k  third  mammalian  inductive  system  thirs  is  provided 
for  study  under  controlled  experimental  conditions.  ResultB 
on  this  system  in  comparison  with  the  kidney  show:  (1)  Dorsal 
cord  is  inactive  for  cartilage  but  active  for  kidney, 
whereas  ventrsl  cord  is  highly  active  for  cartilage  but 
inactive  for  kidney »  It  is  clear  that  different  activities 
of  the  cord  are  involved  in  the  two  inductions,  and  that  they 
may  have  some  reciprocal  or  mutually  inhibitory  relationship. 
(2)  Cartilage-inducing  activity,  like  that  of  kidney,  is 
highest  in  9-11  day  embryo  cord,  declines  by  13  days  and  is 
virtually  absent  by  l5  dayso  (3)  Cartilage  induction  is 
a  longer  term  process  than  kidney  tubule  induction,  first 
visible  signs  appearing  at  ii-5  days  with  the  former,  at  1-2 
days  with  the  latter.  (U)  Cartilage  appears  at  a  distance 
from  the  spinal  cord  rather  than  in  immediate  contact  with 
it  as  in  the  case  of  kidney  tubules.  (5)  Cartilage  induction, 
like  tubule  induction,  can  take  place  through  a  membrane  filter© 
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Do  Significance  to  cancer  research:  The  studies  in  progress  are 
designed  to  increase  understanding  of  the  processes  involved  in 
the  appearance  of  nev  tissue  and  cell  properties  in  nonrial  develop- 
ment. Involved  are  an  external  stimulus  -  in  inductive  processes 
exerted  by  neighboring  tissues  -  a  reorganization  of  the  involved 
tissues  and  cells  which  becomes  progressively  more  stable  in  the 
absence  of  the  initiating  stim^alus,  and  the  appearance  of  new  cell 
types  recognisable  by  their  specific  structure  and  metabolismD  In 
the  genesis  of  raary  tumors  a  similar  course  appears  to  be  followed, 
some  stimulus  is  applied  from  a  source  external  to  the  involved 
tissue,  the  tissue  shows  changes  usually  referred  to  as  pre-neoplastic 
which  become  progressively  more  stable,  and  at  soine  point  a  new 
cell  type  appears  which  as  it  proliferates  eventually  is  recognized 
macroscopically  and  clinically  as  a  tumoro  Tumorigenesis  differs  frcsa 
processes  in  normal  developnent  in  that  in  certain  aspects  it  appears 
to  reverse  the  normal  course,  and  to  represent  a  disruption  of  the 
interactions  which  limit  the  size  and  terminate  the  changes  occurring  in 
a  normal  structure* 

It  setms  reasonable  to  assume  that  the  interrelations  set  up  in 
early  stages,  which  have  been  demonstrated  to  be  so  important  in  controlling 
sub£eqi7ent  events,  involve  po^werful  mechanisms  for  controlling  cell 
movement  and  arrangement  of  cellular  masses,  as  well  as  of  changes  of 
cell  tjpe.     The  nature  of  these  mechanisms  is  thus  of  considerable 
theoretical  interest,  and  conceivably  of  practical  interest  as  vjsll. 
It  may  be  significant  that  results  of  these  first  and  still  early  studies 
of  embryonic  induction  in  mamma.ls  are  to  date  suggesting  the  possible 
importance  of  the  intercellular  matrix  or  ground  substance.   The  importance 
of  thisimaterial-  ln;thete3ult  has  only  relatively  recently  been  recognized 
in  studies  of  inflamnation,  infection  and  resistance.  Its  characteristic 
components,  the  glycoproteins,  have  been  implicated  in  mechanisms  of 
fertilization  and  virus  penetration  of  c e lis 7/ unmuno chemistry  has  indicated 
the  high  specificity  and  variety  of  the  compounds  involvede  These  same 
materials  are  the  indicators  of  externally  induced  hereditary  transforma- 
tions in  pneiamococcus  and  other  micro-organisms. 

"What  this  broad  pattern  means  for  cancer  research  is  not  easy  to 
say.  But  there  is  hope  that  in  the  body  of  slowly  developing  knowledge 
in  this  field  thei*e  may  be  clues  to  the  control  of  a  disease  whoso 
characteristic  sign  is  the  disruption  of  normal  tissue  relations  by  a 
cell  of  altered  type* 

E.  Proposed  course  of  project;  It  is  proposed  to  continue  the  studies 
now  in  progress  with  particular  emphasis  on  two  points?  1)  The  nature 
of  the  mechanisms  in  the  several  in  vitro  inductive  systems  now  availablej 
2)  The  nature  of  the  changes  occurring  in  the  reacting  tissue  which 
initiate  and  stabilize  its  new  properties* 

Under  the  first  heading  the  behavior  of  the  several  systems  will 
be  studied  with  filters  of  greater  and  lesser  porosity  to  determine 
the  correlation  between  presence  and  absence  of  filter  penetration  by 
cellular  processes  and  the  strength  of  inductive  effectso  It  is  hoped 
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that  the  higher  resolution  of  the  electron  microscope  can  be 
applied  to  give  more  certain  knowledge  of  the  natttre  and  extent  of 
filter  penetration  by  actual  cytoplasm,  since  on  this  question  rests 
the  hypothesis  of  induction  by  infective  transmission  of  particles 
directly  from  cell  to  cello     Attempts  also  will  be  made  to  obtain 
non-contact  inductions  by  using  restricted  fluid  volumes  in  which 
assumed  diffusible  inductors  may  be  accumulated  and  concentrated 
with  exchange  allowed  only  via  bridges  following  the  principles  aS 
paper  chromatography.  .  Such  procedures  now  appear  feasible  although 
many  technical  problems  will  need  to  be  worked  out.  finally,  it  is 
hoped  that  histocheralcal  procedures,  particularly  those  involving 
specific  enzymatic  digestion,  marsr  give  useful  information  when  applied 
to  the  "inter zone"  between  the  interacting  tissues  provided  by  the 
filter* 

Under  the  second  heading,  the  properties  of  the  reacting  tissue 
will  be  studied  on  removal  of  the  inductor  after  varying  periods  of 
exposure o     Determination  will  be  made  of  the  time  at  which  the  indtjced 
structures  become  stable,  i.eo  able  to  continue  in  their  course  in 
the  absence  of  external  stimulus,  and  the  exact  nature  of  the  stabilis- 
ing change  will  be  sought©    Using  available  techniques  of  tissue 
disaggregation  it  should  be  possible  to  establish  whether  , at  the  time 
of  stabilization  the  individual  cells  are  or  are  not  alrea<fy  of  altered 
type.     In  this  way  it  is  honed  to  clarify  the  question  whether  induction 

is  to  be  thought  of  as  primarily  a  cellular  transfonration resembling 

induced  hereditary  alterations  in  micro-organisms  -  -  or  whether  it  is 
primarily  a  tissue  or  cell  group  reaction  which  only  secondarily  affects 
cell  type»  The  problems  here  are,  in  the  present  state  of  knowledge, 
analogous  withthose  in  tumorigenesis  which  have  given  rise  to  such 
concepts  as  "initiation",  "promotion"  and  "autonomy" o  Both  sets  of 
problems  miy  be  en^c^npas^ed  under  the  more  general  phenomenon  of  the 
origin  and  "stabilization  of  new  properties  in  cellular  populations© 
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PECv^ECT  DESCPIPT'IOK 

Obiectt  The  objective  of  this  project  is  to  study  the  pigrsiology  of  certein 
"antigen-antibody-like"  reactions  of  normal  and  malignant  tissues 
and  to  determine  the  extent  to  which  such  reactions  m^  be  of  iagjor- 
tance  to  cancer  biology* 

Kethodss^/xtigen-antibody-like"  reactions  ar©  allowed  to  take  place  \mder 

contrcHed  experimental  conditions   (in  vivo  or  in  vitro)  designed  to 
nodifj'-  the  antigen,  the  antibody,   or  the  xinion  of  the  two*     Such  e»» 
perimental  ©onditions  have  included  the  use  of  s 
a.     Genetic  alteration  of  the  biologic  system* 
b«     The  use  of  -d-tal  staining « 
c»     The  use  of  x«radiation» 
d.     The  use  of  "diffusion  chambers»" 

Ma^sr 

Finding: The  major  finding  of  this  project  during  the  past  calendar  year  was 
the  de^'-elopment  of  the  "diffusion  chaAer"  technique  (in  vivo  tissue 
culture)  and  its  application  to  the  study  of  the  social  behavior  of 
cells c  E:,'  this  technique  foreign  cells  may  be  studied  while  bathed 
in  the  body  fluids  of  a  living  animal,  yet  while  isolated  from  direct 
contact  witii  the  aniinals  own  cells  and  tissues  by  a  synthetic  porous 
membrane,  (Prehn,  weaver,  and  Algire)« 

Significance:  "iLntigen-antibod5'--liken  reactions  appear  to  be  of  fundamental 
iitpcrtance  to  the  biologic  specificities  involved  in  protein  replica- 
tion (necessary  for  growth  and  multiplication  of  cells),  in  hormone 
and  ensyme  reactions  with  substrates,  in  the  penetration  of  specific 
cells  by  viruses,  and  in  the  specific  social  interactions  of  cells, 
as  well' as  in  the  defense  of  the  host  against  the  growth  of  alien 
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cell  types,     A  deeper  understanding  of  the  physiology  of  "antigen- 
antibody  like"  reactions  in  any  of  these  contexts  will  lead  to  a 
deeper  understanding  of  cancer  biologye 

As  a  by-product  of  this  research,  the  "diffusion  chamber  technique", 
by  nailing  possible  the  growth  of  glandular  cells  within  foreign 
hosts,  may  ultimately  make  possible  a  new,  practical  method  of  sub- 
stitution therapy  in  endocrine-deficiency  states. 
Proposed  course  of  Projects 

It  is  believed  that  the  project  will  be  continued  along  the  closely 
related  courses  indicated  belows 

a,  A  considerable  portion  of  the  next  calendar  year  will  b©  de- 
voted to  an  investigation  and  exploitation  of  the  preliminarj'- 
discovery  that  high  dosages  of  X-radiation  plus  administration 
of  bone  rrarrovr  may  permanently  alter  or  eliminate  the  reaction 
of  nice  to  certain  antigens  (JIain  and  Prehn), 

b.  The  groirth  of  endocrine  tissues  in  "diffusion  chambers"  and 
their  effects  on  the  host  will  also  be  studied, 

c»     Possible  methods  of  exploring  the  role  of  "antigen-antibo<^- 
like"  reactions  in  cell  adhesion  will  be  investigated, 

d.     An  investigation  is  being  continued  into  the  carcinogenic  or 
co-carcinogenic  properties  of  trypan  blue  and  the  possible 
relationship  of  such  properties  to  the  capacity  of  trypan 
blue  to  produce  "R.E,  blockade", 

e»     An  investigation  is  alsD  xmderway  concerning  the  capacity 

(claimed  by  Foley)  of  MCA  induced  sarconas  to  immunize  inbred 
animals  of  the  same  strain  as  that  in  i^ftiich  the  tumor  was  in« 
duced* 
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the  IJ.C.I.  -  Lab.  of  Cellular  Biology*, 
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The  biology  of  breaet  cancer  in  the  mouse* 
PROJECT  TITLE 


Richmond  T.  PrehJi 
PRDiCIPAL  IKVESTIGATQR(S) 

OTHER  INVESTIGATORS  '  ~ 

PROJECT  DESCRIFTICN 

Obiect:     The  obiective  of  this  project  is  to  gain  knovrledge  concerning  the 

intractiop  of  the  OTltitudinous  factors  (including  genetxc,  hormonal 
and  viral)  involved  in  the  physiology  of  racnse  raarmary  cancer. 

Fethods:  The  relative  influence  of  the  naranary  tumor  agent,  tumor  age,  mouse 

strain  and  tumor  morphology  upon  tumor  distribution  among  the  mammary 
glands  of  the  mouse  vras  determined  by  a  statistical  analysis  of  the 
data  obtained,  from  the  records  of  various  animal  colonies  laaintained 

mior  Findingf  A^^^even  distribution  of  mamrr^ary  tumors  (increased  anteriorly) 
among  ths  glands  occurred  in  the  absence  of  the  maminaiy  tumor  agent, 
wherlas  a  comparatively  even  distribution  occurrea  when  the  agent  was 
present.     The  effect  was  largely  a  function  oftwriorage. 

Significance:     It  is  hoped  th^t  increased  knowledge  (EE^ac^S^alS)  of  the 
^  phykology  of  breast  cancer  in  mice  vrlll  lead  to  an  increased  under- 

Etandins:  of  the  physiology  of  human  cancer. 

Proposed  ^se  Iflrojectf  The  Reject  will  probably  be  ^^--^^J^J^--" 
tinued  during  the  coming  calendar  year,  owing  to  the  coppetition  of 
other  projects  for  the  available  working  time. 
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National  Cancer  Instittrbe  Laboratory  of  Biology 


JMST11XJTE  "LAECKATQRY  CR  ffiiABCH 

General  Biology  Section  ,  ,     ^ 

SECTION  CR  SERVICE  LiXATiai  (IF  OTHELR  THAN  BETEESDA)       SERIAL  NO 

"Effects  of  the  A^  and  ob  genes  on  monse  piysiology," 

PROJECT  TITIE  ' 

George  L,  Wolff  (Dr») 

PRa^CIPAL  IKVESTIGATC3R(S) 

OTHER  INVESTIGATCSiS 

PROJECT  DESCRXPTIOH 

Ob^ectivesj     The  objective  of  this  project  is  to  determine  the  primary  and 
pleiotropic  effects  of  the  A^  and  ob  genes  on  mouse  physiology  especially 
S"£?ed  to  the  h^gh  incidence  ori-ong  cancer  in  A^earing  ^^e  and  as 
related  to  the  hormone  balance  in  itdce  carrying  the"^  and/or  the  ob  genes. 

Fetl-ods  i^nloved:;  To  study  the  effects  of  the  Ay  and  ob  genea  on  the  identical 
ge^tif^ackgound  an  Sternjt    is  being  nade  to  develop  an  inbred  stra.it 
carrying  both  genes* 

ThP  anaerobic  glycolvsis  of  the  kidneys  (in  the  presence  or  absence  of 
insuS;  SJ/:?t:sfSt:rone)  of  .ale  and  female  ^^^^^||| -^  ^*  ^^"^^ 
ages  is  determined  by  means  of  a  Warburg  resporometer  apparatus. 

same  method* 

days  of  age* 

>,  ^.r^^A  +hat  Hardine-Passey  melanomas  transplanted  to 
It  has  also  been  observed  ^^^^^^ff  Anaerobic  glycolysis  thar.  after 
obob  mice  nave  a  consxstently  j^^^y.^^^  "^ 
transplantation  to  Ob-  mice* 


h'j^«'^ 
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Significance  to  Cancer  Research;  In  order  to  obtain  an  understanding  of  cancer, 
it  is  necessary  to  learn  hovf  genes  control  the  balance  of  hormones  in  normal 
and  tumor  cells  so  that  any  differences  between  the  latter,  not  due  to  genie 
control,  may  be  exploited  in  the  treatment  of  neoplasms* 

To  explain  the  high  incidence  of  Itmg  tumors  in  Eiice  bearing  the  A^"  gene 
as  opposed  to  a  low  incidence  in  littermates  not  carrying  this  gene  it  is 
necessary  to  know  which  specific  metabolic  reaction  is  under  the  control  of 
this  gene.  The  solution  of  this  problem  might  ultimately  provide  a  method 
of  preventing  lung  tumors  and  of  treating  lung  tumors  chemotherapeutically» 

■roposed  Cotsrse  of  Project'.  The  studies  of  the  anaerobic  glycolysis  on  Harding- 
Passey  melanoxaas  transplanted  to  Ob-  and  obob,  mice  will  be  continued  and, 
as  soon  as  the  melanoirias  becomes  adapted  to  the  "^tj  mouce  strain,  this  in- 
vestigation  will  be  extended  to  include  A7-  and  aa  male  and  female  mice, 
both  normal  and  gonadectomized*  If  the  atteirq^t  to  combine  the  ^  and  ob  genes 
in  one  strain  should  prove  successful,  similar  metabolic  studies  will  be  con- 
ducted  on  Ay^-Ksbob  anijnals  to  determine  any  possible  interaction  effects© 

As  soon  as  sufficient  A7-  and  aa  animals  are  avajJLable,  ejsperiments  de- 
signed to  elucidate  metabolic  differences  between  the  lungs  of  the  two  geno- 
types will  be  started. 
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National  Cancer  Institute  2.      Laboratory  of  Biology 

INSTITCJIE  "  I.ABCSlAT(Sy  CK  BRANCH  "" 


Lfjukemia  Studies  Section 1^^  ^  j^j  Vjt*? 

"iECTIOS  CK  SERVICE  LOCATIGH  (IF  OTHER  THAN  BEIHESDA)      'sERIAL  NO 


Studies  in  Experimental  Leukemia. 


PROJECT  TITLE 


ITS.  Law,  Potter,  Reaune,  Shacter  and  Ste>?art. 
PRINCIPAL  im^^rlGATOR(S) 


OTHEP.  INVESTIGATORS 


PROJECT  DESCEIPTICM 


The  work  relating  to  investigations  in  experimental  leukemia  falls  into 
2  major  headings:     A)   studies  of  the  etiologic  factors  involved  in  the  induction 
of  leukemia  and  B)  mechanisms  involved  in  the  antileukemic  activity  of  certain 
selected  antimetabolites,   e.   g. ,   antifolic  and  antipurine  compounds. 

A)     Studies  of  the  etiologic  factors  involved  in  the  inducticn  of  leukemia. 

1,     The  role  of  the  thymus  in  leukemia.      (Studies  with  Dr.  H.   Potter) 
These  studies  are  designed  to  determine  the  precise  role  of  thjTnic 
tissues,   in  relation  to  the  gene,  possible  ncn-cellular  etiologic 
factors  and  x-radiation,   carcinogens,  etc. 

Thymectomy  strikingly  reduces  the  incidence  of  spontaneous  x-ray  -and 
carcinogen-induced  leukemia  ii  several  strains  of  mice.     Substitutions 
of  thymic  fragments  in  thymectomized  mice    (DBA,    C57BL  and  C3H  AKR  Fj  hybrid; 
restores  the  incidence  characteristic  of  the  test  mice.     In  hybrid  mice, 
transfer  of  thymic  fragments  from  the  low-leukemic  parent  does  not 
result  in  the  transplant  becoming  leukemic.     Splenic  fragments  are 
knovn  to  be  ineffective.      Likewise,   homogenates  and  filtrates  of  AKR 
thyrnuses  are  not  effective  in  inducing  leukemia  in  C3H  AKR  F]_  test  mice. 

The  folloKTing  projects  are  proposed  relating  to  this  aspect  of  the 
problem  of  etiology: 

1.      The  effect  of  transplanted  thymic  tissue  in  mice  following 
exposure  to~x- irradiation.  _  Thymic  tissues  from  C^7BI/ka  ^n^  A/hE  mice 
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have  been  transplanted  to  F^^  hybrid  mice  of  these  2  strains  follovdng 
a)  thymectomy,  b)  total  body  irradiation   (225  t  x  k) ,  and  c)  thymectomy 
+  total  body  irradiation.     We  have  confirnBd  Kaplan's  observation 
that  irradiated,  thyme ctomized  mice  receiving  thyiaic  transplants  show 
lymphoid  neoplasms   (  the  thymic  graft  becomes  leukemic).     In  fact, 
thymic  fragments  from  1  to  5  day  old  C57BI/ka  ^^^^  ^^"^  become  leukemic 
1  month  after  irradiation.     It  is  proposed  to  study  particularly  using 
this  experimental  model: 

a.  The  influence  of  both  C57BL  and  A  thymuses  in  thymectomized, 
irradiated  F]_  mice. 

b.  The  influence  of  age  of  the  thymic  graft. 

c.  The  pathogenesis  of  the  process.     Does  this  in  fact  represent 

a  case  of  cai-cinogenesis  of  thymic  tissue  after  the  removal  of  x-irradia- 
ticn   (indicating  an  indirect  effect  of  x-rays)?     Transplantation  of 
these  induced  leukemias  into  C57BL,  A  and  F^  hybrid  mice  will  be  made 
in  an  atteir^st  to  answer  this  question. 

To  date  2  large  experimental  groups  of  C57BL  x  A  F]_  mice  are 
under  observation.     The  influence  of  A  strain  grafts  and  of  age  remain 
to  be  investigated. 

Role  of  th;rmus  in  spcgitaneoas  leukemias. 

The  Fi  hybrid  of  the  cross  C^Ef  (low-leukemic  x  AKR  (hi^  leukemic) 
develops  a  high  incidence  of  leukemia  (60  percent  at  lli  months).     It 
has  been  shown  in  this  laboratory  that  thymic  grafts  of  AKR  origin  (but 
not  C^Hf)  in  n on- thyme eternized  hosts,  becomes  neoplastic  and  that  the 
thymic  graft  is  now  composed  of  host  F^  tissue.     This  stucfy  is  being 
continued  to  include  the  following  projects: 

a.  The  influence  of  thymic  grafts  (AKR)   in  thymectomized  F]_  mice. 
It  has  not  been  determined  in  this  experimental  model  whether  or  not 

an  intact  test  animal  is  necessary  for  leukemogenesis  in  the  transplanted 
thymic  fragment. 

b.  A  study  of  test  mice  of  the  reciprocal  cross,  AKR  x  C3Hf,   including 
the  incidence  in  this  hybrid,  theeffect  of  thynectomy  aid  the  influence 

of  AKR  -  63%  thyitnises. 

c.  These  specific  Fi  hybrid  mice   (AKR  x  63%  and  C^df  x  AKR)  will 
be  used  to  study  the  pathogenesis  of  the  change  from  normal  to  leukemic: 

1.     Since  it  appears  that  the  reticular  tissue  of  the 
thymus  is  important  in  inducing  leukemia  in  the  round  cells,   it  is 
proposed  to  study  the  interdependence  of  these  tissues  by  varying  the 
age  of  the  donor  graft  (1-7  days,   30  days  arid  120-150  days)  and  the 
age  of  the  recipient  hybrid  (like  ages).     It  is  also  proposed  to  study 
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the  precise  time  of  change  from  a  normal  to  leukemic  cell  by 
bioassaying  tae  transplanted  thymic  tissue  in  F]_  mice  and  also  through 
the  use   of  C57BL  thymuses  in  irradiated  C57BL  x  A  Fj,   hybrids.     As 
mentioned  earlier,   it  appears  that  the  neoplastic  change  takes  place 
as  early  as  1;  weeks  after  irradiation. 

To  d-te,   the  group  under  2a.   has  been  set  up  and  a  start  has 
been  made  ir   the  production  of  mice  for  2b. 

The  role  _< ^'  cell-free  materials  in  the  induct ica'  of  leul^emia  and 
parotid  gland  neoplasms. 

We  have  been  unable  to  confirm  the  work  of  Gross  indicating  a  cell-free 
material  is  obtained,  from  high-leukemic  tissues  -wnioh  induces  leukemia 
at  a  strikingly  early  age  in  63%  test  mice.     The  following  results  are 
obtained  to  date: 

No.    Mce  Le-gkemia  Parotid  Tumors 

Exptl.  283  13   (1.$%)   at  17  mos.  21   (7.1^)   at  11  mos. 

Control.         161  5  (3.1^)  at  21  mos.  none 

We  have  now  under  observation  28O  C^H^/AaR  F]_  test  mice  given  filtrates 

and  extracts  of  high  leukemic   tissues  from  AKR,   G5S  and  Cyi/j-^^r.^  mice. 

It  is  of  interest  to  note  that  parotid  gland  neoplasms  have  been  induced 

in  those  mice  through  the  use  of  material  from  all  3  strains.     Thaagh 

the  incidence  of  leukemia  at  the  12  month  period  is  nearly  identical 

in  experimental  and  control  grojps   (l6/i  and  13%),  1/3  of  the  leukemias 

have  appeared  at  from  ij  to  9  months,  before  any  were  observed  among  controls. 

The  following     ther  interesting  observations  were  obtained: 

a.  In  CoHj  X  C-3H/pj__,„g  F^  test  mice  only  parotid  gland  neoplasms 
and  subcutaneous  gro;rths  are   obtained  (2^%).      In  nearly  every  case  these 
subcutaneous  grorths  appeared  in  mice  bearing  bilateral  parotid  gland 
neoplasms.      In  several  cases  the  morphology  of  these  subcutaneous  growths 
closely  paralleled  that   of  the  parotid  gland  neoplasm. 

b.  Observations  en  5  families,   through  the  F3  generation   (obtained 
from  females  having  parotid  gland  neoplasms)   indicate  that   the  agent 
concerned  is  not  transmitted  by  way  of  the   cytoplasm,    across  the  placenta 
or  through  the  mother's  milk. 

c.  From  filtrates  of  one  parotid  gland  neoplasm  carried  in  serial 
passage,  vje  have  been  able  to  induce  2^%  parotid  gland  neoplasms  in  C^Ef 
test  mice   at  the  G2,    G3  and  GB  transfers.      Serial  passage  of  the 

agent  is  being  attempted. 
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The  following  proposed  pro;3ects  are  either  in  progress  or  will  be 
initiated  socn: 

a.  Morphologic  study  of  parotid  gland  neoplasms  in  corapariscn 
with  those  induced  by  carcinogens  and  those  occurtring  spontaneously 
(Dr.   Thelma  Dunn,  Laboratory  of  Pathology). 

b.  Study  of  the  mechanisms  involved  in  the  inducticn  of  parotid-like 
neoplasms  in  the  subcutaneous  connective  tissues  of  CoEp  x  C^W^pi^-^  F- 
mice   (employing  C^H/p-         leukeraias). 

c.  A  study  of  the  incidence  of  leukemia  and  morphologic  forms  In 
a  reportedly  high-leukeraic  subline  of  C3H  mice  obtained  from  Dr.   Frank 
Figge  of  the  University  of  Maryland  Medical  School.     To  date  20  percent 
leukemia  and  several  parotid  gland  neoplasms  have  been  observed  in  our 
colcny.     Crosses  have  been  made  reciprocally  with  STOLI  mice  to  de- 
termine a  possible  genetic  basis  for  the  increase  in  leukemia  within 
this  strain. 

d.  Since  it  has  been  su?;gested  that  subline  differences  amaig  the 
test  mice  employed  (C3H)  may  account  for  difficulties  in  obtaining 
induced  leukemias  from  filtrates  of  high-leukeraic  tissues  (AKR),   it 

is  proposed  to  use  the  following  test  mice  to  further  study  the  possi- 
bility of  a  cell-free  material  in  spontaneous  leulcemias: 

*^3^/Bittner  subline  from  Gross 

'^3%/ Bittner  subline  from  Gross 

^3^Bittner  subline  from  Bittner. 

e.  The  major  effort  in  this  particular  project  will  be  directed 
along  lines  of  study  of  the  parotid  tumor  agent.     (Studies  with  Dr.  M. 
Pofcter) 

In  order  to  evaluate  certain  features  of  the  problem  standard 
inocula  have  been  prepared  and  stored  at  -60°G   (from  a  transplantable 
parotid  gland  neoplasm  and  from  induced  neoplasms)   so  that  repeated 
"studies  can  be  made.     Certain  evaluations  encompassing  the  following 
features  have  now  been  started: 

1.  Inoculations  of  mice  of  different  inbred  strains 

2.  Effects  of  different  types  of  filtraticn 

3.  Ability  to  -etain  activity  after  various  periods 
of  storage  at  -600C 

U.   Activity  following  lyophilizaticn 

5.   Titration  fstudies  of  tlie  standard  inoculum. 
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f.  In  cooperatioi  with  Dr.  W.  Rowe  of  the  Laboratory  of  Infectious 
Diseases,   a  study  has  been  initiated  of  the  effect  of  this  agent  in 
other  animal  species,   its  relation  to  other  known  viruses  of  the  mouse 

and  a  determinaticn   of  possible  cytopathogenic  properties  in  tissue  cultures. 

g.  The  following  progress  report  and  projected  program  is  sub- 
mitted by  Dr.   Sarah  E.   Stewart: 

1.  In  previous  work  it  was  found  that  parotid  gland  neoplasms, 
a  tumor  not  previously  described,   could  be  produced  in  some  C3H  mice 
by  inoculating  nevi^orn  nice  with  extracts  or  filtrates  prepared  from 

AKR  leukemic  tissues,    and  that  the  C3H  mice  were  resistant  to  the  leukemogenic 
activity  reported  by  Gross  for  these  filtrates   (Proc.   Soc.  Exper.   Biol. 
and  Med.   76:   27-32,  1951  J. 

2.  An  adrenal  gland  medullary  tumor  of  a  t}^pe  not  previcasly 
described  was  observed  in  some  G3H  mice  which  had'been  inoculated  as 
newborn  vrf.th  extracts  or  filtrates  of  a  transplanted  C3H  leukemia.     Many 
of  the  mice  having  these  tumors,  -which  occurred  bilaterally  in  some  and 
which  metastasized  widely,   also  had  either  unilateral  or  bilateral  parotid 
gland  tumors. 

3.  A  leukemogenic  agent  was  demonstrated  in  filtrates  prepared 
from  AKR  leukemic  tissues  by  inoculating  newborn   (C3H-f  x  AKRJFj  hybrid 
mice  with  these  cell-free  preparations.     I^ukemias  specific  for  the  hybrid 
mice  resulted  in  60  percent   of  the  inoculated  mice   in  a  lU  mcnth  obser- 
vaticn  period.      These  begin  to  appear  in  mice  cnly  10  weeks  old.     Control 
mice  Tinder   observaticn  developed  a  23  percent  incidence  leukemia  in  the 
same  period  and  the  earliest  one  appeared  in  a  9  month  old  mouse.     These 
experiments  were  repeated  using  a  different  substrain  of  the  C^H^  (Dr.   Jay) 
for  mating,   the   other  0311^  mice  were   obtained  from  Dr.    Law,   but  both  were 
originallA'-  Dr.   Andervont's   substrain.      Again  early  leulcemias  were  ob- 
served but  some  of  the  mice  instead  of  leukemia  developed  early  parotid 
tumors,    adrenal  medullary  tumors  and,    in  ii  instances,  mammary  tumors 
which  appeared  in  mice  3  months  old.      Fifty-four  percent  of  the   inocula- 
ted mice  have   developed  neoplasms  in  a  9  month  observation  period, 

h'   A  filterable  agent  has  been  propagated  from  filtrates  pre- 
pared from  2  different  transplanted  C3H  leukeraias.     This  was  passed  serially 
through  15  generations  and  after  the  5th  and  8th  serial  passage,  when 
inoculated  into  newborn  mice,  was  found  to  produce  parotid  gland  neoplasms 
in   seme  surviving  mice  5  to  12  mcnths  old,    and  in  one   instance  an  early 
adrenal  gland  medullary  tumor . 

The  -above  work  was  completed  July  1,   19$h  while   statioied 
in  Baltimore,    Maryland. 
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Work  in  progress  aad  proposed  work: 


1.  Studies  are  in  progress  to  determine  if  adrenal  gland 
neoplasms  can  be  produced  by  inoculating  newborn .mice  with  cell- free 
extracts  prepared  from  3  different  transplanted  adrenal  nediillary  tumors 
■vdiich  results  in  experimental  mice   (see  above).     Strain  C3H  mice  and 
(C3Hf  X  AKR)F]^  hybrid  mice  waich  had  been  inoculated  as  newborn  with 
such  preparations  are  being  gcnad-ectomized.     Others  of  the  saiiB  group 
are  being  held  as  controls  without  gcnadectomies, 

2.  Studies  are  in  progress  to  determine  if  estrogens  have  an 
adjuvant  effect  on  the  leukemogenic  activity  of  leukemic  cell-free 
extracts.     Strain  C3H  mice  were  inoculated  as  newborn  with  leukemic 
cell-free  extracts  or  filtrates  and  when  2-ii  mcnths  old  were  given 
extrogen  pellets  (20%)  to  see  if  their  susceptibility  could  be  in- 
creased. 

3.  Work  is  in  progress  to  attempt  identifying  the  leukemia- 
producing  agent  in  mouse  leukemic  tissuej   also  the  agent  that  produces 
the  adrenal  gland  and  parotid  gland  neoplasms. 

li.  To  repeat  Gross'  work  using  C3H  mice  (Bittner  substrain). 
The  mice  have  been  ordered. 

5.  Newborn  C3H  mice  have  been  inoculated  with  mammary  tumor  agent  to 
determine  if  the  incubaticn  period  for  the  appearance  of  mammary  tumors 
can  be  decreased. 


The  effects  of  various  endocrine  imbalances  on  methyl cholanthrene- 
induced  leukemia  in  DBA  mice   (Dr.  M.   Potter) 

Gonadectoray  has  been  reported  to  restore  leukemogenic  properties  to 
an  othermse  refractory  thjrraus  in  old  DBA  strain  mice   (6  months  of  age). 
Hj'bridizaticn  of  DBA  with  CE  strain  has  produced  an  F^.  hybrid  with 
unusual  endometrial  pathology.     Thyroidectomy  doses  of  13^31  have  been 
reported  to  induce  pituitary  tumors  in  DBA  mice.     The  effect  of  these 
changes   (gonadectomy,   hjrbridizatioi  with  CE  and  I131)  on  leukemogenesis 
is  being  studied. 

a.  GonadectoncT 

DBA  mice  are  being  gonadectomized  at  different  age  levels: 
1-7  days,  30-iiO  days,   and  ii-6  months.     At  age  6  months  each 
group  with  controls  will  be  painted  with  MCA. 

iiduced  leukemia  (thymic  lymphomas)  will  be  transplanted 
to  gonadectomized  and  intact  DBA  mice. 
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b.  &rbridizaticn 

Reciprocal  cresses   (DBA^  x  CE  and  CE  x  DEA«)  have 
been  made  and  will  be  studied  for  incidence.     The  influence 
of  gonadectony  performed  at  1-7  days  on  leiikemogenesis  and 
transplant  ability  will  be   studied  in  CE  x  DBA^  mice. 

Sitilar  experiments  have  been  started  emplojang  still 
another  strain   shov.dng  ex'i.dence   of  endocrine  imbalance, 
the  :h    straL.. 

c.  I-]  ^T_  wiir.      3  given  in  thyroidectomizing  dosage  levels  to  DBA 
aiiS  the   above  hybrids  to  determine   such  an  influence   on 
leukemogenesis. 

5.   A  stuc^  of  granulocytic  leukem-ias  in  R^  strain  mice. 

Through  the   coiirte£3^  of  Dr.    Jacob  Furth  we  are  now  establishing  a  colcny 
of  ?if  mice.     These   are  reported  to  show  an  incidence  of  30-hO  percent 
granulocj'tic  leukemia.     We  are  readj"-  to  initiate  the  following  program 
when   animals  become   available: 

a.    Studv  of  etiologic  factors  in  granulocv-tic  leukemias 

1.  Role   of  thjrmus 

2.  SesLonse   of  Rf  mice  to  x-rays,    carcinofens  and 
estrogens 

3.  Influence   of  protective  factors  such  as  I'R?  and 
bone  marrow  on  induction  of  granulocytic  leukemias 

h»   A  study  of  the  transplantability  of  granulocytic 
leukemias.      Furth  has   suggested  that  many  of  those 
are  really  "dependent"  lymphomas. 

5.   Morphologic   studj^  of  granulocytic  leukemias. 

c  .    A   study  of  certain  protective  factors  in  induct! en  of  iTOphoc^^ic  leukemias 
a.  Maternal  resistance  factor. 

Differences  in  the  incidence  of  leukemia  appear  in  ?-^  hybrids 
in  recirrocal'  crosses  between  high-and  low-leiikemic   strains  of  mice.     No 
evidence  has  appeared  of  a  specific  leukemaa-induclngfactor.      On  the 
-cantrary  a  striking  and  specific  resistance  to  leukemia  has  been  shown 
to  be   contributed  by  certain  Icw-le-akem.ic  mothers,    so  that  in  special 
cases  nearly  coTrclete  resistance  to  leukemia  results,    completely  overriding 
^     the  genetic  potentialities   of  the  test  mice  emploj^ed.      It  is  the   objective 
of  this  study  to  explore  the  characteristics  of  this  maternal  resistance 
factor  (MRF;. 
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The  following  additicnal  informaticn  has  been  gained  concerning  MFt 

1.  Confirmative  evidence  has  been  obtained  to  diow  that 
low- leukemic  C3H  mice  do  not   transfer  1-IRF.     Crosses  with  AKR  mice 
show  same  results  as  previous  crossed  with  hi^-leukemic  C$6. 

2.  I-IRF  is  contributed  through  the  milk  of  STOLI  nice 

suppressing  leukemia  in  AKR  mice.     Thus,  the  genotype   of  the  high- 
leukemic  strain  seems  relatively  unimportant.     Leukemia  in  C58  mice 
has  been  shown  to  be  suppressed  (MacDowellj. 

3.  Other  factors  are  operative,  as  shown  in  foster-nursing 

experiments,   vnich  modify  the  response  of  AKR  and  C58  mice.     For  example, 
in  some  cases  old  STCLI  mothers  (1  year  or  older;  in  specific  instances 
do  not  suppress  leukemia. 

Ii.   Attempts  to  pass  en  MRF  in  successive  generations  of 
C58  mice  have  been  unsuccessful. 

$.  Foster-nursing  alone  by  NH  low- leukemic  mice  contributes 

MFlF  to  C5S  and  AKR  test  mice. 

The  following  work  is  in  progress  or  will  be  initiated  shortly: 

1.  Attempts  to  deternine  the  mechanism  of  actioi  of  MRF  — 
whether  it  operates  in  repressing  cells  already  transformed  to  leukemic 
cells  or  modifies  the  ccnditicns  under  vhich  changes  to  the  neoplastic 
state  occur.     Periodic  bioassays  of  blood  and  tissues  of  AKR  mice  from 
5  months  cnward  will  be  made. 

2.  Crosses  of  STOLI  with  C57BL  and  DBA  will  be  made  to 
determine  if  KRF  represses  x-ray  induced  and  carcinogen- induced  leukemia. 
Also,   foster-nursing  of  C57BL  by  old  and  young  STOLI  mothers  will  be  done 
prior  to  x-raying  at  varying  dose  levels  —  225  r,   225  r  x  2,   and 

225  T  X  h, 

b.   Bone-marrow  repressive  factor. 

In  cooperation  with  Doctors  Lorenz  and  Congdon,  Laboratory  of 
Biophysics,    it  has  been  found  that  intact  bene  marrow  cells  from  C3H 
mice   (low-leul:emic)  repress  leukemia  in  CgH^  x  AKR  ?i  ^^^>  while  cells 
from  1  month  AKR  induce  leukemia  earlier.     Such  protection  has  been 
observed  also  among  F^  mice  untreated.     Two  more  series  have  been  done 
on  the  effect  of  C3H  bone  marrow  on  the  spontaneous  incidence  of  leukemia 
in  these  F^  test  mice.      In  one  series  done  by  Dr.   Ccngdon,  this  repressive 
effect  has  again  been  found.     In  the  series  dene  in  our  laboratory,  using 
different  experinsntal  design,  no  effects  were  noted. 
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The  folloang  plan,   partly  in  effect,   is  proposed  as  an  ex- 
tension of  this  work: 

1.  Study  of  specificity  of  action.     Bone  inarrow  from 
other  high-leukeirdc  strains:   C58,   PL  and  C3H/pigge  and  other  low- 
leukeroic   strains  NH,   C57BL  have  been  inoculated  into  the  test  mice, 
C3Hf  X  AKR  Fi  hybrids. 

2.  Influence  of  the  age  of  recipient  mice.     Studies  en 
inoculations  into  1  month,   k  m.cnth,   and  6  month  ?]_  hybrids  have  been 
-initiated.      It  is  proposed  to  inoculate  C3H  cells  into  1-3  day  F-i 
and  AKR  mice. 

3.  Another  cross  C58  x  NH  vdU  be  made  to  study  the  in- 
fluence of  C58  and  Mi  bene  marrow  cells  in  these  F-,   test  mice  to 
determine  if  the  phenomena  are  specific  to  the  mioe  originally  used. 

Ii.      Once  threshold  and  maximal  dosage  levels   of  intact 
bone  marrow  cells  have  been  established  experimentally,    a  study  will 
be   comTienced  en  the  influence  of  bene  marrow  cells  en  the  inductien  of 
other  than  lymphocytic  lymphomas:   granulocj-tic  leukemias  in  Rf  mice 
and  reticulum  cell  sarcoma  in  irradiated  C57BL  x  DBA  F-i   hybrids. 

B)     A  study  of  mechanisris  involved  in  the  antileukemic  effects  of  certain 
selected  antimetabolites. 

Through  the  use   of  sr^ecific  sublines  of  leukemia  which  have  developed 
resistance   or  dependence  to  antimetabolites  a  study  of  the  mechanisms 
involx'ed  in  resistance  phenomena,   and  a  study  of  the  mechanism  of  action 
of  antileukemic  agents,   is  being  pursued. 

The   follovjing  transformed  leukemia  lines  are  available  for  such  work: 
L1210  sensitive,   L121C   (A-methopterin  dependent),    L1210   (8-Azaguanine 
resistant;,   L1210   ( 8-Azaguanine  dependent),   L1210   (6-I'ercaptopurine 
resistant),   L1210   (Thioguanine  dependent);  Ili9h6  sensitive  and  lh9hS 
antifolic  resistant;  L$176  sensitive  and  2,6  diaminopurine   resistant. 

These  lines  have  also  been  developed  into  ascites  tumors  which  will 
facilitate  biochemical  studies  and  studies'  en  growth  differences,    etc. 

The  major  emphasis   on  work  in  this  field  involves  the  following  projects 
already  in  progress,   or  to  be  initiated  shortly: 

1.      Preliminary  evidence  suggests  a  difference  in  nucleic 
acid  metabolism  between  those  lines  resistant  to  antifolics  and  those 
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resistant  to  such  antipxirines  as:  6-Mercaptopurlne,  8-Azaguanine 
and  thioguanine.     A  study  in  cooperaticn  with  Dr.   Howard  Skipper, 
Southern  Research  Institute,  Birmingham,   Alabama  is  now  in  progress 
studying  the  incorporation  of  labelled  form§tej   adenine  and  2,6-diamino- 
purine  into  the  various  Iil210  sensitive  and  resistant  lines  of  leukemia. 

2.  A  comparison  of  the  incorporation  of  8-Azaguanine-2-C-^ 
into  the  NA  of  6-rMercaptopurine  resistant  and  thioguanine  dependent 
11210  leukemic  cells  is  to  be  made  in  collaboration  with  Dr.  Skipper. 
Previous  evidence  shov^ed  a  most  striking  difference  in  dncorporaticai 

of  8-Azaguanine  in,to  sensitive  and  8-Azaguanine  dependent  cells. 

3.  A  study  of  the  incorporation  of  labelled  aminopterin 
and  labelled  CF  is  to  be  made  in  collaboraticn  with  Dr. Skipper. 

Ij.     Work  is  now  underway  by  Dr.   S.  E.  Reaujne,   in  our  Laboratory, 
aimed  at  obtaining  mutant  strains  of  Escherichia  eoli  and  other  bacteria 
which  require   specific  intermediates  in  the  metabolism  of  folic  acid. 
Attempts  are  also  being  made  to  obtain  mutant  bacterial  strains  which 
are  dependent  for  growth  en  the  presence  of  antifolic  compounds.     It 
is  anticipated  that  analysis,  of  the  folic  acid  metabolism  of  such 
organisms  will  supply  informaticQ  relevant  to  the  metabolism  of  analogous 
drug-dependent  leukemias. 

5.  Other  studies  to  be  undertaken  include  an  analysis  of 

the  folic  acid  metabolism  of  the  drug- dependent  leukemias  and  a  comparison 
of  their  metabolic  patterns  with  those  of  drug- sensitive  and  drug-resistant 
leukemias.     Specifically,   it  is  of  interest  to  determine  whether  anti- 
folic dependent  leukemias  metabolize  folic  acid  by  means  of  the  same 
intermediate  compounds  as  do  the  sensitive  lines,   or  whether  the  advent 
of  dependence  has  been  accompanied  by  the  elaboration  of  an  alternate 
pathway  in  tiiich  the   antimetabolite  plays  a  role.     Another  alternative 
to  be  explored  is  that  these  drug-dependent  leukemic  lines  differ  quanti- 
tatively, rather  than  qualitatively,   in  their  folic  acid  metabolism, 
as  compared  to  the  normally  sensitive  lines.     The  work  to  be  carried  out 
in  this  Laboratory  will  be  aimed  at  discriminating  between  these  and 
other  alternatives  by  means  of  quantitative  studies  of  the  folic  acid 
metabolism  of  the  anti-folic-dependent  leukemic  tissue  in  vitro.   At  the 
present  time,   chromatographic  and  spectrophotometric  methods  are  available 
for  the  separatioi   and  identificaticn  of  folic  acid  metabolites.     It 
is  anticipated  that  the  use  of  mutant  bacterial   strains  mentioned  above 
will  also  facilitate  identificaticn  of  metabolic  intermediates. 

6.  Experiments  are  now  in  progress  exploring  the  possibility 
of  inducing  drug  resistance  or  dependence  in  drug-sensitive  leukemic 
cells  by  means  of  cell-free  extracts  of  the  variant  forms.     The  ctojective 
is  to  determine  whether  leukemic  cells  produce  "transforming"  substances 
which  may  play  a  part  in  the  subsequent  development  of  resistance  to 
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antifolic  and  antipurine  drugs.     Subsequent  work  along  these  lines 
•would  be  aimed  at  elucidating  the  extent  to  which  such  "transformation 
would  occur  under  normal  conditions  oil  vivo. 

7.  Recent  investigations  by  Dr.   Shacter  have  disclosed 
that  one   of  the  antifolic  agents,  aminopterin,  when  administered  to  rats 
led  to  decreases  in  the  diphosphopyyidine  nucleotide   (DPKJ  levels  of 
the  liver.      In  vitro  incubation   of  liver  homogenates  with  aminopterin 
resulted  in  levered  resiiration  and  DPK  content.     Adenosinetriphosphate   (ATP) 
specifically  cconteracted  th3   inhibitory  action.     Since  DF:J  in  the  organism 
is  synthesized  from  ATP  and  nicotinamide  mononucleotide,  the  results 
suggest  tnat  aminopterin  may  prevent  Drl^  formation  by  DJiterfering  with 

the  synthesis  of  the  precursor,   ATP. 

In  a  study  en  the  influence  of  dinitrophenol  on  respiratory 
and  phosphorus  interrelationships  of  Ehrlich  ascites  tumor  cells,  a 
relationship  between  the  respiratory  rate,   formaticn  of  labile  phos- 
phorus  (ATF)   and  mitotic  activity  was  demonstrated.     In  view  of  these 
actions   of  aminopterin,   a  similar  study  seems  indicated  for  the  effect 
of  antifolic   agents  on  leukemic  cells.     To  that  end,  leukemias  sensitive 
and  resista-it  tc  the  action   of  antifolic^  agents  are  being  developed  in 
ascites  form,    and  the  interrelati  en  ships  between  there spiratory,   phos- 
phorylative,    and  mitotic  acti->dties  of  sensitive  andresistant  leukemic 
cells  as  influenced  by  antifolic,   and  perhaps  other  agents,  will  be 
determined, 

Tne  methods  and  procedures  will,   for  the  most  part,  be 
similar  to  those  used  in  the  studies   on  Ehrlich  ascites  t-jmor  cells, 
>dth  respiration  being  measured  by  standard  Vv'arburg  techniques   and  up- 
take   o-    P^2  bei:i~  ux-ilized  as  a  irieasurs    of  cellular  phosphorylaticns. 

8.  A  new  transplantable  l2miphoc:,'tic  neoplasm,   L5178  in 
DBA/o  mice   is   of  interest  because   of  its  extreme  sensiti-^dty  to  all 
antipurine   componis  te?ted  tc  date.    It  is  proposed  to  initiate  work 
of  this  partic-olar  line  aimed  at  studjdng  synergism  between  the  anti- 
folic and  antipurine   compounds.      In  collaboration  with  Dr.   Arnold  Welch 

of  Yale   University  studies  are  nov;  underway  in  the  effects  of  6-A2athymine 
and  of  certain  derivatives,   especially  the  desoxyriboside,    on  inhibition 
of  leuliemic  cell  ^-roivth.      It  has  been  found  by  Vv'elch  et  al.   that  in 
S.    faecalis  tri£.-L  tnis  analc-   of  thymine  was  particularly  effective  at 
a  cri t i c al   rr o-t.-t h  r-eriod  in  the  presence   of  antifolics. 


PAGE  12 


PROJECT  REPCRT  PCRM  (Cont'd) 


SS^ZAL  MO, 

L.     BUJXST  DA^T 


ESTIMATED 
EXPKi-:DlTtiRES 

SITC-ETSD  PCSITIGIS 

iAH  YRARS 

PA'PIEOT 

imss 

FFvDF 

^i£2l 

T02AL 

PROF 

OTESR 

TOTAL 

n  1955 

^/^^//A 

6 

7 

13 

6 

7 

13 

FJf  1956 

'^  f^-^j^y 

7 

9 

16 

7 

9 

16 

BUDGET  Acnvmr: 


R^EARCH 

P£VIBW  &  APPROVAL 


£7 


ADMINISTRATICW  £7 

TECHNICAL  ASSISTARCE    [J 


\.     COOPEFATII^a  ia?ITS  <F  TKE  FJBLIC  EEALTH  SSRVICE,   CR  QgEER  (S^SAHIZATIOiS,  PRO- 
VIDINC  rUIJDS,  FACILITIES,  CE  FERSffisIJEL  FOR  THIS  PROJECI'  IN  EiraER  1955  or  I956: 

.  Laboratory  of  Pathology,  NCI. 
Laboratoryof  Biophysics,  W>T, 
Laboratory  of  Infectious  Diseases,   W.l, 
Southern  Research  Institute,  Eirmlngham,  Alabama. 
Department  of  Pharmacology,  Tale  University  T^edical  Schoole 


♦  .     IF  THIS  reOJECT'P>ES3'^3I£S,  CaiF^IXISl.TJS,   O?  PARALLELS  RESEAECH  KSffi  EISEWSERE 
IN  THE  PUBUC  HEALTH  SERVICE  (WITHOUT  IKTERCHAKCS  OF  PERSCNKEL,  FACILITIES  C» 
FUHDS),  IDERllFX  SUCS  RESEARCH: 


PAGE  13 
PROJECT  REPCRT  IXJRM  (Cont'd) 


i5-  ^MzlZl. 
SERIAL  NO. 

1^^  FJBLICATIO!S  OTEER  EIAK  ABSTRACTS  fBQM  1HIS  PROJECT  DURDIg  CALENDAR  YEAR  I95U; 

Lai-3,  L.  VJ . :  Recent  advances  in  experimental  leukemLiao  Cancer  Res.  ill* 
695-709,  l?5h. 

Lorenz,  Eo,  Lav,  Lc  \1.   and  Congdon,  C.  C:  The  role  of  bone  marrow  and  spleen 
in  induced  and  spcntanecus  l;-m.Dhatic  le-ukemiao  Ciba  Foundation  Symposium  on 
Leukaenia  Pesearchc  J.  &  A.  Churchill  Ltd*  London  195U.  pp*  l8?-.l'95. 

Lax-J,  L.W, :  The  phenornena  of  resistance  and  dependence  "'n  le-nV-at-nlc  cells. 
Ciba  Foundation  Syraposiun  on  Leukaemia  Researche  J.  &  A.  Churchill  Ltd. 

London  195h.  v?*   10?-129. 

Willians,  A.  !■.,  p.   J.  Winzler  and  L.  VJ.  Law:  The  effects  of  A-^ethopterin  on 
the  in  vitro  incorr^oration  of  p-^^O)    into  normal  and  leukemic  mouse  tissue. 
Cancer  Res.  lb:  135-138,  1951^.         ^ 

Law,  L.'^.'.:     ^!aternal  influence  on  exDerimental  leukemias  of  mice.  Ann.  N.  Y. 
Acad.  Sci.  57:  575-583,  1^51. 

Law,  L.  "'i'. :     C-enetic   studies  in  experimental  cancer.  Academic  Press,  T'.  T. 
Vol.  II.  v^  231-352,  195U. 

Law,  L.  ¥. ;   Studies  in  trans  formations  in  leukemic  ceHs  of  the  m.ouse. 
J.   ^'at.  Cancer  Inst.    15:    817-636,   195U. 

Law,  L.  ¥. ,  Tacririna,  V.    and  Foyle,  F.  J.:     Response  of  acute  lj'mphoc3rtic 
leukemias  to  the  purine  antagonist,  6-mercaptopurine.     Ann.  N.  T.  Acad.  Sci. 
60:   000-000,  195u'. 

Mandel,  ".   C-.   and  L.  '..■.  Lav?     The  effect  of  U-amino-5-i^dazolecarbox  a'r^ide 
on  the  carcinostatic  action  of  S-Azaguanine.     Cancer  Research  (In  press) 

(Cont.) 

rr     EC9^QR3  AKB  AWAKDS  I'D  PSRSO^NEL  RELATING  TO  THIS  HtOJECT  E^IiKJ  CALENDAR  lEAR 
195^^: 

Ecne 


mih^  Page  Ik 

Stewart,  Sarah  E.:  Homotransplants  in  mice.  J.  Nat.  Cancer  Inst. 
lU:  1187-11'53,  195U. 

Ste-wart,  Sarah  E.:  Neoplasms  in  mice  inoculated  with  cell-free 
extracts  or  filtrates  of  le-akemic  mouse  tissuesc  "I.  Neoplasms  of 
the  parotid  and  adrenal  glands*  J.  Nat.  Cancer  Inst.  (In  press). 

Stewart,  Sarah  E.:  Neoplasms  in  mice  inoculated  with  cell-free 
extracts  or  filtrates  of  leui-renic  mouse  tissues.  II.  Leukemia 
in  hybrid  mice  produced  by  cell- free  filtrates.  J.  Nat.  Cancer 
Insto  (In  press). 

"Stewart,  5arah  E.:  4drenal  gland  neoplasms  in  mice  resulting 
from  the  inoculation  of  extracts  prepared  from  Strain  C3R  monse 
leukemic  tissues.  Science  (In  prern). 


study  of   chemically  defined  medium   and   cell   nutrition, 


(NCI-428,  a  thru  h) 


PAts  1 


PROJECT  REPORT  PCRM 


Ivationsl   Cancer 


2,    Biology 


mSTITUTB 


LABCRATO^y  ^^SiMfM' 


Tissue      Culture 


SE5CTIC9J  QR;:?eEK?I^^' 


LOCATICK  (II'  yiaiSH  THAN  BETBES15aT      SERIAL  NO 


The   effect   of   serum  fractions    on   proliferation   of   strain  L   cells 

in    vitro. 

PROJECT  TmS       "  """" ^ 


Sanford,    K. 

PRIKCIPAL  IKVESTIGATQR(S) 


Bryant,    J.,    KcQuilkin,    K.  ,    Fioramonti,   M. ,    Westfall,    B.B.,    Evans, 

and    Earle,    K.R. ______^____ 

OTHER  INVESTIGATCSS'  ' 


V.J. 


PROJECT  KSCRIPTIOR 


Objective    -   Since  washed   serum  residue    after   ultra- 


filtration  has   been   shovrn    to  be    an   important    component   for   cell   pro- 
liferation     the    objective    of    this   study  is    to   identify   the    active 
component   or   components   of    this   residue. 

iiethods   employed:    Fractions    of   serum  prepared  in   this    laboratory   or 
prepared   commercially   are    tested    on   replicate    cultures.      The    effects 
of    these    fractions    are   determined  by  nuclei    counts   of    the    cultures. 

Xajor  findings;      It    has   been   found    that    all   bovine    serum  fractions 
obtained    commercially   appear    to   be    toxic    to    the    cultures.-  Gross 
globulin  prepared  from  horse    serum    gives   almost   as    good  prolifera- 
tion with    certain   supplements   as  whole    horse    serum.      The   alpha      and 
beta  globulins    obtained   from    the    ^ross   globulin   after  removal    of 
gamma  globulin  which    appears    to   be   relatively  inactive    give    good 
proliferation    of   cells'.   Albumin  fraction   appears   relatively  inactive 
as  well    as   fractions    of   serum   lipids    and  serum   ash. 

Significance    to   cancer  research ;  This   is   part   of    the   program  for 
obtaining   a   reproducible,    adequate   medium  made   up   of   defined   known 
constituents.      A   defined   medium  is   regarded   as    one    of    the   initial 
steps    toward   getting  cont  rol    of   external   conditions   during  a  study 
of    the    transformation   of   normal    to  malignant   cells. 
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and  qualitatively 

/indistinguishable   froin    those    grown   in   our  best  naturally   occur- 
ring mediuiTi   of   horse    serum   and  chick  embryo  extract. 

The   results    on    the    defined   mediuri   number   2    (without   globulin) 
indicate    from    the    condition   of    cultures    that   this  Fiediuin  is    as 
good    as    or  better    than   embryo   extract  ultraf iltrate .      This   find- 
ing  appesTS    to   indiccte    that    the    effective    cor.-ponents   in    the    embryo 
extract  ul trafiltrate   have    already  been   replaced  by   chemically 
riefined  riiaterials,    and   a  simplification   of    the   fraction   already 
chep.ically  defined.      Therefore,    the   problein  resolves   itself  into 
a  further   studj''   of    the    constitution   and  action' of   gross   globulin 
fraction   of    the   horse    serum. 

5i  gnificance  :   A   chemically   defined  medium   is   of  primary  signifi- 
cance  in    order    to   deterrr.ine    difference's  that  may  exist  in   function 
and   chemical   behaxdor-  of   malignant   cells   i n    vi tr o ,    as   compared 
with    the    normal    cell   from  which    they  arise.      Such   a  medium  might 
be    useful   in   mailing    tissue    cultures    an   adequate  -tool   for   chemother- 
apeutic   and   virological   studies   as  well   as  research   in   the   nature 
and    origin    of    the   m,alignant    transformation. 

Proposed    course    of   project:      The   effect  of    the    addition   and  de- 
letion   of    other   siriall   molecule    components    to    these   rr,e&ia  will  be 
imimediately   examined.      Further  fractionation   of    the    gross   globulins 
will  t)e    attempted    and   the   effect   of    the   addition   of    these   fractions 
will   be    deterr.ined. 
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PROJECT  Inscription:   a)    Developinent   of   studies   on    the   nutritional   re- 
quirements   of   C3H  mouse    liver    cells.    B)    ketabolisTri  studies   of    the 
liver    cells   in   a   defined   iriedium.    C)    Enzymatic   studies    of   liver    cells 
in    vitro. 

Objective  ;    To    design    and    test    a   defined    or   seir.i-defined   mediuni  which 
will   be    sufficiently  reproducible    to   allow  determination   of   effects 
of  individual    components   of    the   iriedium.      To  determine   immediately 
the   metabolic  fate    of    the    amino   acids.    To   determine    the   requirements 
and    acti\dty   of    the    vitamins.      To    compare^similari ties   and  differ- 


ences   of   two    cell   lines   from   the   same 

Methods    employed-  Bv  use    of   rerlicate    tissue    cultures   and    the    count 
enumeration   method   determine    the   effects    of    the   medium   devised   on 
Droliferation   of    the    liver   cells.    Similarly  determine    the   fate    of 
the    amino   acids,   by  incorporation   of   radioisotopes    of    tagged    amino 
acids.    By   studies    of   nutritional   requirements   and   enzjTnatic   studies 
determine    the   utilization    of   amino   acids,    purine   bases,    pyrimi dines, 
carbohydrates    and   salts. 

Haior   findin?^s:      To   date   exploratory  experiments   have   been  run  with 
a  medium   containing  amino   acids,    \-itamins,    purines,    pyrimi dines, 
dextrose    and    twice   crystallized   ovalbumin^    The   medium  is   adequa:te^ 
for   short-term   cultivation   of    the    cells.    The   medium  may  serve    as  ' 
a  reference  .medium,  for  future,  modifications. 

Significance  :    The    significance    of    this    study  will   be    to   learn  if 
mammalian    cell   metabolism  in,  vitro   is   different  from  bacterial 

(PLEASE  ADD  SHEETS  AS  KECESSAHY  F®  CC8ITIKUATIC2J) 


NCI-1^26(h)  Page  2. 

snetabolism   and  whether   or   not   single    cell   metabolism  will  be 
different  from    the  whole   hosts   -  with   a  base   line   of   on   normal 
liver  information,    attempts    to   ascertain    the   difference  between 
the   normal   and  malignant  liver   cell  will  be  made. 

Proposed   course    of  project;    To   continue    the   research   as  defined 
above   and   by   the   methods   suggested   above. 
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OTHER  INVESTIGATORS 


PROJECT  DESCRIPTIGH,  :    Objectives   -  Anoxia  has   been  reported    to  increase 
the    concentration   of   pyruvic   acid    in    the   blood  of    the   intact   animal. 
Further,    anaerobic   conditions   during  growth   have   been  reported   to 
favor    the   production   of   malignancy  ±n_   vitro.   It  was   deemed  of  inter- 
est   to   see   if    there   was   any   change   in  pyruvic  and  other  alpha  keto 
acids  in    the    medium   during  growth   of    the    cells  under   conditions   of 
continuous    gas   exchange    on   shaker  flasks. 

Methods   employed:    The    total    alpha-keto   acids  were   converted    to 
dini trophenylhydrazones   and   separated   from   other  materials  by 
solvent  partitioning,      They  were    then   separated  from  each   other 
by  paper    chromatography. 

:'-'ajor  findin.^s;    To   date    Oi-Ty    the   strain  HeLa  has   been   examined 
under    these    conditions.       .ijis   strain   showed   a  slow  increase   in    the 
total   keto   acids   up    to   approximately    three    times   normal   for  mouse 
serum  in   23   days. 

Sirnificance    to   cancer   research;      At   present  it   is   not  known  whether 
"the   slcvr  rise   in  keto   acid   concentration  is  ~a  reflection   of   a  pe- 
culiar   type    of   metabolism   of    the   strain   HeLa   cells,    an   aspect  of 
the    growth    of   cells   under   partial   anaerobiosis   or  blocking  of    trans- 
amination   of    certain   amino   acids   under    these    conditions,    perhaps 
by  exhaustion    of   the   key     amino   acid   content.    Since    any   one    of    these 
mav  be    of  imoortance    to'  the   problem   of   malignance   further   study 
with   other    cell    strains    and    greater   oxygenation  is    contemplated. 
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A   study   of    the    amino   acid   content   of  medium  before   and   after   growth 
of   cells   in  it. 
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PROJECT  DESCBIPTIOR   :    Objective    -Study  of    the   free   amino   acid   content 
of    the    standard  medium   supplied   to   certain   cell   strains   in    the 
laboratory  had   revealed  relatively  low  free    amino   acid   content. 
A   study   by   the    u'innicks   had   Shown    that    there  was    verj'  rapid  uptake 
of    certain   free    amino    acids   from   similar  medium.   It    therefore 
appeared    to   be    desirable    to   see   if   certain   of    the    amino   acids 
were   rapidly   depleted    to    the   stage  where    their   concentration  would 
be    limiting  factors   in    growth. 

liethods   employed:    The    cells   v:ere    grown  in   shaker  flasks  with   con- 
tinuous   gas   exchange    (Eryan+,    Schilling,    Earle)    and    the   fresh    and 
used  medium  removed    at  intervals   for   analysis.    Total   amino   acids 
w'ere    estimated   by   the    ninhydrin    colorimetric  procedure    and  indivdd- 
ual    ones    after   separation   on   paper   or   by  microprocedures   such   as 
con\^ersion   of   aerine    to  formaldehyde,    alanine    to   acetaldehyde 
etc. 

Major  findings:    The    study  is    continuing.    However,    to   date   it   has 
been    ascertained    that    certain   of    the    amino   acids   present  in   low 
concentration  in    the   medium   supplied   are    apparently   exhausted  in 
48   hours   exposure    to    the    cells  under  conditions   where    growth  is 
rapid    and    the   inoculum   high. 

Significance    to    cancer   research;      It   has   been   reported    that    anaero- 
biosis    (Cameron,    Glodblatt)    is   a  factor  in  producing  malignancy  in 
cultivation   of    cells   in.   vjjro.    Paitt   of    the    reason   for   developing 
continuous    gas   exchange    systems    for    the    culti vation    of    cells   is 
to   overcome    any   tendency   to  -anaerobic   conditions,      -^o   data  exist 
on    the   metabolic  beha\dor   of   cells  under   a  system   such   as  we    are 
(PLEASE  ADD  SHEKIS  AS  KECESSARY  FCR  CONTINUATIOK) 


-2.  /\IC)''^>^^'> 


now  setting  up.  Hence  this  study  is  a  portion  of  an  extensive 
projected  study  on  the  metabolism  of  cells  under  varying  con- 
ditions. 

Proposed   course   of  project;    The   above   study  has  so  far  been 
limited   to    the   human  malignant  epithelial   strain  HeLa.      It  is 
proposed  to   carry  out   a  similar  study  with   the  "strain  L  if  it 
can  be    adapted   to   survival  under   the   shaker  flask  conditions 
and  with    the   strain   721  liver  epithelial   cells  if    they  likewise 
can  be   grown  under    the    continuous   shaking-continuous   gas  ex- 
change  conditions.   These   conditions  make  available  relatively 
large    amounts   of  fluid    (supernatant)   for  analysis. 
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The   amino   acid   content   of    the   ultraf iltrate   from  horse   serum. 
Westfall,    B.B.,    Peppers,   E.V.  ,    Sanford,   K.K. ,    and   Earle,    w.R.,    J. 
Iv'at.    Cancer   Ins1>:    15_,    27-35    (1954) 

The  free  and  combined  amino  acids  in  the  protein-free  ultrafiltrates 
from  whole  chick-embryo  extracts.  Westfall,  B.B.,  Peepers,  E.V.  ^  and 
Earle,    K.R.    J.    Nat. Cancer  Inst.    15,    433-43S,    1954. 
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DeveloDrnent   of    a   defined   riedium   for    the    cultivation   of   strain  L  cells 
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and   Sanford,    K.K. 


PROJECT  DSSCBIPTKaJ  :    Objective    -   To   develop   a  satisfactory  defined  med- 

iu'v,   adequate    for   producing  proliferation   of    a  selected   strain   of 
animal    tissue    cells    to   study  its  metabolic  behavior. 

\rethods   eTTiTDloved:    Reclicate    cultures   are   prepared   and   enuTnerations 
of    their    nuclei    are   iiiade    after   exposure   for    varying  intervals   to 
the    defined  media.    Such  media  are   devised   ai^ound    the    collected  in- 
formation   on    the    nutrition   of   bacteria,    '-mammalian   and   avian   cells 
in    vitro   and    the    data   obtained    to   date  from    the   physical   and   chem- 
ical  fractionation    of    the    naturally   occurring  medium  on  which    the 
strain   L  cells    are   maintained. 

^:ajor   Findings:    -    Several   media  have   been   devised    and_  tested.    The^ 
first   contained   amino    acids    and   amides,    vitamins,    purine    °ases   and 
pvrimidines,    dextrose,    ribose,    inorganic   salts,    ovalbumin   and  metho- 
cel.      From   this   medium  minor  proliferation  was   ob   ained        The   second 
medium  is    a  decided  improvement   over    t^e   first     The    thlrQ^.ed  urn 

.^    cell   proliferation.   A  marked  difference   m    irte   eiiecx 
in    the   ;or'holoiv   o?    the    cells    appears  in    the    cultures   grown   on 
tbp    second  medium  from   that   seen  in   cultures    grown   on   ^f  *f  ^ 
medium.      Amino   acids   and   amides,    ^  Gamins,    coenzymes,    ^^^J^l^^f^^^ 
of   unsaturated   fatty   acids,    cysteine    and  gl^^f^^^^'^'f^J^   sifts 
nucleic   acid   derivatives,    carbohydrate   sources   and  inorganic   salts 

are   used   in   both    the   second   and   third  ^'^f^"^^;^^^°/^^'^S^e%'L?d   med- 

issf  ^vir:  SiL^i^Sbi^rthf  i^itur:^  is^a^^-- 
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Proposed  course    of  project;     An   additional  experiment  is  being 
carried   out   to   complete    this   stage    of    the   project. 
(See   project  on  fractionation   of  serum.) 
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Fractionation    of   sei  .,  .   proteins   for   supDlerientation   of   defined   raediurii. 
PP.OJECT  TITI£ 


Kestfall 
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Peppers,    E.V.  ,    Sanfcrd,   K.K .  ,^  Evans ,    V.J.,    and   Earle,   "l'.\R. 
OTESK  INVESTIGATORS 


PROJECT  IffiSCRIFTIOH :    Objecti\-e    -   Seruir;,    freed   of   diffusible   materials, 
>->as   been    shov:n    to   have   important   growth  enhancing  properties  when 
^^sed  Kith   certain   defined  substances.      A   study  has   been   undertaken 
to   see   if   activity   could  be    attributed    to   a   single   fraction   or 
whether    the   whole    serum  was   irreplaceable. 

:-thod5    e^^nloved:    The   inajor  fractionation   has  been   carried   out 

on   pre\T0uslv   frozen   serur.   by   the    Cohn  method   10  for  ACD  plasma. 

The  usual  Cohn  fractions  obtained  commercially  are  toxic  to  i^e 
•cells.  Hence  this  has  necessitated  extensive  changesin  the  Pre- 
paration.   Falser   electrophoresis    and   turbidi  ty-precipi  tation   methods 

haw   been   used    to   examine    fractions    obtained. 

-,P-ior   findings:   All    fractions    exerted    some    stimulating  effect 
(Sanford,    et'  al  ■ )  ,    with    the    globulins   being  more   favorable      ihis 
-a-     however     reflect   partly  difficulty  in   obtaining   a  completely 
nSnltoxlcllbumin   fraction.'    None    of    the   fractions  -re    completely 
r.ure.       The    ?ross    globulin  fraction  has   3   r.er   eent_  albuL.m^^i  tb   it 
and   the    gross    albumin   had  2   per   cent   alpha   globulin   ano    a  s.iall 
Quantity   of   acidic   mu co-protein. 

Significance    to    cancer  research:    This   is  Part   of    the   progra^  for 
obtaining  a  reproducible,    adequate   medium  made   "P   °^/^,^^"^Ji^°l^ 
constituents.      A   defined  medium   is   regardea   ^f   °"^   °5,,!Jj^^J^s'tSdy 
steps    toward   getting   control    of    external    conditions   auim^  a  stuaj 
of    the    transformation   of   normal    to  palignant   ceils. 
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fractionation    to  eliminate    toxicity  and  increase  purity  of   the 
fractions.      Also  more   work  is   needed  as    to    the   quantity  of    the 
serum  fraction  used,    '.'e   have   assumed   that  in   the   screening  test 
the   protein   should  be    at   approximately   the    level  represented  by 
the    serum  when   used  in    the    standard  medium  for   cultivation   of 
certain   cells.    Obxdously  many   of    these   fractions   are   present  in 
Dlasrna   at  much   lower   concentrations    than    this. 
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Study  of    the    effect   of   fractions   of  whole    egg  ultrafi  Itrate    on   cell 

proliferation. 
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and 
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Jryant,    J.C.    amd  Evans,    V.J. 


PROJECT  EESCPIPTIQN  :      The    objective    of    this   project  is    the    separation 
of    the   whole   egg  ul trafiltrate   into    various   fractions   for    testing  on 
growth    of    cells   in   an   effort    to   localize    the    active    components   for 
cell  proliferation. 

Method;      Ether   extracted    and   ether-alcohol   extracted   supernatants 
and  residues   of   lyophilized   egg  ul  trafiltrate    are   being   tested  in 
combination  with  washed   horse    serum  proteins,    amino   acids,    \dtamins, 
and  ATP   to   determine    the   effects    of    these    various   fractions    on   growth 
of    strain   L   cells. 

Major  findings :    The   results   of    the   first  experiment   suggest^a  par- 
tition   of   active    comDonents   between    the    supernatant   and  residue, 
obtained   from   a   70   percent   alcohol   extraction   of    the    ether   residue. 

Significance    to    Cancer   Research;    The   identification   of    the    active 
components    of    the   whole    e;:;-  ultrafiltrate   for   cell   proliferation 
may  possibly  be    of   importance   in    the    development   of    a  practical 
hemically   defined  proliferative   medium. 

on   a  secondary  scale 
Proposed    course    of   project;   E'-oeriments  will   be    continued/to   local- 
ize   the    active    component. 
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Deve^  opnent   of   t:hole   e p;^  extract   ultrafiltrate    as   a   substitute 

for    9    day   chick  erbryo   extract   ultrafiltrate    for    the   r.rolif  erati  on   of 

"FRCjECT  title     cells.  ~~  ■ ■ ' 


E\'ans.    V.J..    Larle .    '\~ .    K.    and      i^'cstfall,    B.B. 
PRUfCIPAL  IFv^ESTIGATCK(S)  " 


Bryant,    J.C.,    xicQuilkin.    I'.T,,    Fioranonti ,    i^.C.    Sanford,   Iv.K. 


OTiiER  Hfi^TIGATORS 


PROJECT  IffiSCRIPTIOK  '-    Objective    -    To   prepare    e  ~y  ultrafiltrate    and 
to    test    the    prolif erati\'e    ability   of  fertile    and   non-fertile   whole 
6,7:':   unincubated   eji,^  extract   ultrafiltrate   with   quantitative    and 
qualitative    methods . 

lie th o ds    e rn?  1  oy e d   -      Herlicate    cultures   of    strain  L    cells  were   pre- 
pared  and   cultured    on    the   e.eg  extract   ultrafiltrates .    Enumeration 
of   nuclei    of   cultures   after    varj'in,'^  intervals   of   exposure   were 
used   to   deteriiiine    the   effect   of    the   er^^  ultrafiltrate.      Long   terin 
experiments    over   several   rionths   V7ere    also   made. 

Kajor  findings   -    Quantitative   experiments   show   that    0   day   egg 
extract   ultrafiltrate    at   a  20-i   by   volume    level  v.'as    equivalent 
to    20,':'  by    volume    of   chicle  em.bryo   extract.    Studies    on    cultures 
Maintained   on    this   egg  ultrafiltrate   for   over   4   months   show  this 
extract   ultrafiltrate   would   substitute    for   9   day   chicle  embryo 
extract  for   other   strai.ns   of    cells   besides    strain  L,    namely  a   mouse 
liver  epithelium,    and   a  strain   of   cells   isolated  from   a  human   cer- 
vical   carcinoma    (HeLa) . 
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Significance:    Per  egg  unit,    larger   volumes   of   active   prolifera- 
tion promoting  material   is    available   from   the   whole    egg  than 
from  saline   extraction    of    a   9-day   chick  embryo.    Such  large    volumes 
are   in   gi-eat   deinand  for   2   of    the   more   recent  advances  in    tissue 
cultures.      The   material   serves   as   an   economical   substitute   for 
chick  eribryo  extract  in    the   rapidly  agitated  massi\'e    cultures.   For 
significance    of    this   material    to   cancer  research   see   report  on 
cultivation   of  massive    cultures    (Earle,    Schilling  and  Bryant). 
Since    this   medium   can   be   used  on    the    large    culture,    the   studies 
on    the   metabolism   of    these    cultures   are   rapidly  accumulating 
(Westfall,    Earle,    Bryant  and  Schilling)   with    the   expectation    that 
the   data  will   point  up   differences  between   highly  malignant   cells 
or  cells   from  malignant    tissue    and   tissue    cultures   arising  from 
normal   tissue.    The  material,    since   it  has   proved   to  be   equivalent 
to   9  day  chick  embryo  extract,    and  is   also   available   in   compara- 
tively large    volumes   serves   as   sources   of  proliferation-  producing 
m.aterial  for   analytical   studies   of    the   individual  factors   respon- 
sible  for   this   proliferation   as  well    as   for   a  less   expensive   med- 
ium  than  embryo  extract  for  massive    cultures. 

Proposed  course  of  project  -  The  immediate  plan  is  to  determine 
a  more  efficient  means  of  obtaining  this  egg  extract  ultrafil- 
trate  for  the  need  specified.  Limited  experiments  will  be  re- 
quired to  determine  if  the  more  economical  method  of  obtaining 
this  material  yields  a  product  equally  as  satisfactory  as  that 
from  ultrafiltration    through    collodion  membrane. 
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Course    at   Coooer    rown,    I\.Y.      July   27,23,    1954.) 


L7 .     EOfCKS  ASB  AWARIS  TO  PP:n.qrg.T7tnj.  RyrTXTps^.  lyi  tthr  PRfLTRfTP  KSIIRG  CALENDAR  YEAR 
195^: 


/V0VI 


studies   of    the   influence   of   cell  population   on  proliferatioih 


NCI-429  (a  &  b) 


PAGE  1 
PROECT  BBP€RS  fCKM 


National   Cancer  2^       Biology 

IKSTITOTE  I^ORAKKY  C 

Tissue   Culture  ,      li                                                                        e  i£j. 

SECTICm  OR  ^g?SaCB  ~~      ~        TOCATJ<»I  (IF  OTHER  THAN  BEfHESDAl      SERIALNO 

Growth    of  massive  fluid  suspension   cultures   of   animal   tissue   cells. 
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W .  R .  Ear  1  e  ,    Ed  war  d   L. Schilling,    Jay  C.    Bryant  and  Virginia  J.    Evans. 
ERIKCIPAL  IHVESTIGAT®^  "^  ""  """"^ 


OTHER  INVESTIGATORS 

PROJECT  DESCTIPTIOK    Growth   of  massive   fluid  suspension    tissue    cultures 
of  both   normal   and  malignant   animal    tissue    cells.   Application   of 
these   methods  in   defining  factors  responsible   for  proliferation   of 

representative    tissue    cell    types  in   such   cultures. 

Objective    :    The   general   objective   of   this   project  is    to  develop 
methods    and   equipment  for   growing  massive   fluid  suspension   cultures 
df  mammalian    tissue    cells.   Attainment   of   this   objective   during  the 
past   year  has   involved    the    study  of    various   rates   of   agitation   of 
the    cell    suspension,    various    types   of    control   of    air   and  fluid  media 
and  study  of    other  factors  which   appear    to   control   cell   growth  under 
these    conditions. 

Methods   Employed;   Much   of    the  work  has  been   done   with   a  standard 
Brunswick   type   platform  shaker   enclosed   in   a  well-insulated  incu- 
bator  box,    and   operating  at   various   speeds  between    6000   and  13,000 
revolutions   per  hour.    Special   drive   mechanism  was   interposed  between 
the   motor   and   the   platform    to   allow  a  wide   range    of   shaking  speed. 
A   sensitive    air-flow  control   mechanism  was   devised   for   leading  small 
uniform  increments   of   humidified   air   or   other    gas    through   each   shaker 
culture   flask.      Culture   flasks  were    one-liter   and  1^  liter  flat- 
bottomed  boiling  flasks   specially  redesigned  for   aseptic   gas  flow. 
Appropriate   methods  were   devised   for  renewin?^  the   fluid  periodically 
without  appreciable   loss    of    cells.      The   rate      of  proliferation  of 
cells  in   suspension  has  been   determined  by   the   enumeration   of   cell 
nuclei  . 

Major  Findings;    The   major  findings   of    this   project  during   the   past 
year  have    confirmed  previously  reported  findings  ,that    the   major 
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^f actors  which  must  be   controlled  in   this    type   of   culture   growth 
are:     A)   Adequate   satisfactory  nutrient.    B)    Control   of   pH.    C) 
Critical   control   of   the    cell  population   density.    This   differs 
with   various   cells    D)    Control    of    the   rate    and  manner   of    agitation. 
These   variables   appear   to  be   identical  with    those   encountered  in 
the    comniercial    growth   of  fungi   in    the    antibiotics   industries.    It 
appears    that   as   a   commerciallj;^  practical  nutrient  becomes   available 
growth   of   animal    tissue   cells  in  fluid  suspension   culture   may  be 
extrapolated    to   almost   any  desired  scale.    The   addition   of  methy- 
cellulose   as  reported  last  year  has  been  eliminated  as  unnecessary. 

By  this  method  of   culture   luxuriant   cultures  of   three  quite 
different  strains  of   cells  ha\^  been  obtained.    These  were    the 
clone   L-929   strain   of  mouse   fibroblasts,    the   clone   1469   strain   of 
mouse   liver   epithelium  used  in    this   laboratory,    and   the   strain   of 
human   cervical   carcinoma  knowm   as    the   HeLa  strain   and  now  widely': 
used  in   ,virological   study  of  polio.    Use   of    this   last  strain   con- 
stitutes  a  particularly  significant   test  of    the   method  since    this 
cell    type   has  been   difficult  or  impossible   for  many  workers    to 
grow  at   all  while   it  has  been   generally  claimed,  it  would  not  grow 
at   all  in  fluid  suspension   culture  but  must   attach    to   a  solid 
substrate. 

Concepts   and  methods   developed  in   this   shaker- tj'pe   culture 
during  the   last  year  have   alreadj^   allowed   the  HeLa  cell   for  in- 
stance   to  be    grown  in    this   shaker    type    culture   in  lots   of   about 
7  billion   cells  per  flask    (probably  about  12    grams  wet  weight). 
Study  of    the   method  indicates    an  efficiency  of  utilization   of 
the    culture   media  which  is   extraordinarily  high. 

The   cultures   have    adapted   themselves   extraordinarily  well   to 
the    study  of    the   influence    of    the   cells   on    the.  nutrient.      For 
instance,    from  a  study  of    the   low  accumulation   of  alpha  keto   acids, 
together  with  high    dextrose   utilization   of   the   HeLa  cells^   it 
already  appears    that    these    shaker    type   cultures   are   probably  under 
far  more    "normal"    conditions    than   any   type    culture   so  far  in  use 
in   our   laboratory. 

Some   difficulty  has   so   far  been   encountered  in  rapidly   adopting 
such   coherent   cells    as    the    skin   epithelium   or   the   fibroblast   to 
grovjth   in    these    shaJcer   cultures.      This   problem  is   under    continued 
study    to   determine    the    cause    of    this   difficultj''. 

Significance    to   Cancer   Research;    The   results    obtained   are   of 
major   significance   in  making  practical    various   metabolic   studies 
with   normal    and  with   malignant   cells  in  massive    cultures.    Large 
uniform   cell   suspensions  in   one    culture    derived   from   a  pure    cell 
strain  have   not  hitherto   been    available   for    the   extensive    type    of 
multiple    chemical    analyses  which  would  be    desirable.    Such   cultures 
can  now  be    grov.Ti   on   a  large    scale.    One  recent  point   theoretically 
developed  but  not   yet  published  is    that  it  appears   possible    to 
mathematically   correlate    the   ma>:imum  practical   size    of   a  unicentric 
tissue    culture   with  its   QO2,    the   intermitotic   interval   of  3  ts   cells 
and   their  migration  rate. 


-^  3   -  NCI-U29(a) 


Proposed   Course   of    the   Research;    This   study  is   being  continued! 
as   a  major  project  in  further  developing  methods   and  concepts   of 
the   agitated  fluid  culture,    and  in  making  more    general   applica- 
tion  of    this    type    culture  in    the    growth   of   cells  for   cancer  re- 
search  and  related  lines,   particularly  with  respect   to   cell   chemis- 
try and  metabolism. 
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tion  Symposium   on   Preservation   and  Transplantation   of   Normal 
Tissues,    London,    1953.    pp.    44-59,    J.&  A.    Churchill,    Ltd.    1954. 

Certain  Factors   Limiting  the   Size    of    the    Tissue   Culture    and   the 
Development   of   -lassive    Cultures.    W.R. Earle,    J.C.    Bryant,    and 
E.L.      Schilling.      Annals    of   New  York  Academy   of   Sciences    53    (7): 
1000-lQll,    1954. 
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Single   cell   studies   and    the   development  of   cell   clones. 
PROJECT  TTSIM  "  ~~~       ~  — ~ 
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OmSR  INVESTIGAT(»S 


PROJECT  D^CRIPTION :    The   objective   of    this  project  is    the   development 
of   clones   of  human  fascia,    human   skin,    human   liver,    mouse   mammary 
Carcinoma,    mouse   liver,    and  four   strains    of  mouse   fibroblasts.   Each 
of    these    clones  is   desired  for  specific  research  projects,    which 
will   be    considered    under   other   headings.      The   development   of   a  clone 
of  mouse   mammary   carcinoma  is   for   use   in   a   collaborative   study  with 
Dr .H.B.Andervont   on    the   relation   of    the   milk  factor    to   the  malignant- 
cell    in    tissue    culture. 

I'lethods   employed:      A   sieved    cell    suspension   is   prepared   and  drawn 
into   capillary  pipettes.    Caoillary  segments   of   5   mm.    length   are' 
cut,    each   segment   containing  one   isolated   cell.      The   segments   are 
embedded  in  plasma   clot  in   a  Carrel   flask,    and   the    culture   fluid  is 
renewed    thrice   weekly. 

Hajor  findings:  Two  clones  of  cells  have  already  been  established, 
one  of  human  fascia  and  one  of  human  epidermis.  Both  of  these  clones, 
however,  after  7  and  9  months  respectively  of  cultivation  in  vitro, 
failed  to  gi-ow  further,  possibly  as  a  result  of  poor  lots  of  human 
serum  used  in  the  culture  medium.  After  24  unsuccessful  attempts  to 
clone  the  other  strains  of  cells,  a  modified  and  improved  procedure 
has    just  been   developed  and  Avill   now  be    tested. 

Significance    to   Cancer   Research:    The   development   of   clones   of   cells 
is    of  fundamental  importance   for  future    studies    in   carcinogenic   cell 
transformations    among  populations    of    cells   in    vitro,    virus   studies, 


and   in   studies    of    the    differences   in    the   physiolci 


id  !}X3fTdtion   of 


malignant   cells   and    the   normal   cells   from  which    they  arise   inxxrri^are. 
(PLEASE  ADD  SHEETS  AS  HECESSARY  FCS  CORTIKUATicai) 
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Proposed   course    of   project:   With   this  recent  improvement  in   tech- 
nique,   renewed   efforts  will   be   made    to   develop   clones   of   the   several 
human  and  mouse    cell   strains   listed   above. 
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Stunipc;    nn    the    culti\-ation    of   human   endocrine    secreting:  tissue    in    vitro, 
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PROJECT  INSCRIPTION 

as  made  available 
Institute  in  orde 
tion   of   isolated    cells   in 


Objective    -   To   cultivate    cells   of  endocrine    tissue 
by   the    Lndocrinolo;!^-  Branch   of    the    National   Cancer 
to   learn    the    extent    and   duration   of   hormone    secre- 
\1  tro . 


Hethods   employed    -  A   human    islet    tumor   of    the   pancreas,    pancreatic 
tissue    from   a   clinically   diagnosed   case    of  islet    tumor   ha"ve   been 
or   are    bein,c:  grown   in    culture   for   assay   of  hormone   production. 

iicMor  findings :      Th?    pancreatic    tumor    tissue    established   last  year 

some    insulin  by    the    hormone    assaj'  method   described  in  Emmons: 
^lethoGS.    lioKever,     thi  ^         .■^-•^^-  --   -    ..  -    -.  -i-j-.j__j    -J^4-_„ 

t  interval    of   cultivation   in   m 
from    the    culture 


5;hov;ed 
Assay 
a  shor 
f  1  ui  d  s 
strain 
for  as 
tissue 
in  the 
tissue 


ctivity  was   no   longer   obtained   after 
_  .^n   in   measurable    amounts   in    the   used 
in   homogenized   cells.    Presently   this 
of    cells   is   being  carried    to    attain   if   possible   large    cultures 
says    of    greater   amounts   qf    tissue.      A  new  strain   of   pancreatic 
blished   from    tissue    obtained   from   a  patient 
have    as   yet  been   made    on    this 


has    just   been   estal 
Clinical    Center.       .\o 


assays 


Sienificgnce    to    cancer   research:    The   development   of    techniques   for 
growing  human    endocrine    tissues   ijn    \d  tro   so    that    they   continue    to 
function   may  have    considerable   practical    value    for    therapy.    From 
'the    point   of    \aew   of    cancer  research    such   endocrine    assays   under_ 
different   in    vitro   ev^erimental    conditions   serve    as    valuable   indicies 
of   the    changes   in    cells   under   experimental   conditions. 
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Proposed   course   of   this   project;    Experiments  will  be    continued 
to   culture    various    tissues   of   endocrine    origin    as    they  become 
available   from   the    Clinical   Center   to   determine    the   duration 
and  amount   of   hormone    secretion   and    to   study   the   morphology   of 
tissue    growth   in   order    to   correlate   morphology,    function   and 
therapy. 


Attempts    to   devise   new  methods    of   assay  of  function  by  grafting 
will   be    taken  under   consideration   if   exploratory  experiments 
appear    to   justify    this    approach.. 
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Hertz,    R.  ,    Tullner,    ¥.    and  Hallnian,    L.    ,    Endocrinolcf^'  Branch, 
National   Cancer   Institute. 


IF  TEIS  PROJECT  RESESLSS ,   CCHPi^rSJIS,   CB  PAH.'iLU;lS  RESEARCH  DONE  ELSEWHERE 
IH  THE  PUBLIC  HEALTH  SERVICE  (VITEOUT  IKISRCEAiaS  05'  PERSatJEL,  PACIUTIES  m 
FUKDS),   IDEHTIFY  SUCH  RESEARCH: 


^/^c 


PA£^  1 


PROJECT  REPORT  PCRM 


■\'?ticnal    C-.ncer 


TUSTiliJTB 


Y':i  ol  n  ^^, 


LABORATOKr  CB  ERARCH 


X  s  s  V  e 


:ure 


SECTION  SEiSSEXICS 


LOCATIffl?  (IF  OTHEK  THAN  BETEESDAT      SERIAL  NO 


Leveloprnent   of   strains    of   human    cells   in    tissue    culture   for  pro- 
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PRBfCIPAL  Ilf/ESTIGATOR(S) 


OTHER  IN\'ESTIGATORS 


PROJECT  DESCRIPTIC»i    Objective:    To    test  ivhether  APC 
will   propagate   in   cells   in    vitro. 


vxrus 

'espiratory    (4   types) 


Method    -    Cultures    of   human   liver    and   human   embryo   skin    grown  in 
vitro   for  relatively  prolon^ied   periods,  were   examined   for   a   cj'to- 
pathogenic   effect   and  production    of   complement-fixing  antigens. 
Cultui^es    of   human   liver,    strain   1815,    were   received.      The   cultures 
v^-'ere- v: ashed    several    times  with   medium,    and  were    left  in   1.0    to 
1.5   ml.    of    the    same   medium,    which    consisted  of   chicken   serum   5%, 
chick  er'.bryo   extract  ultrafiltrate    5%,    and  Kanks  '    solution    90/o. 
For   experiiients  with    Tyre  A   APC    virus    the   medium   contained  Parker's 
Ilixture    l&b   in  place    of   the   Hanks'    solution.      Cultures  were   infected 
with    Types    1,2,3,    and   4  APC    virus,    and  were    observed  for   cytopatho- 
genic   effects,      i-'hen    the   effects  were   marked,    the    supernatant  fluid' 
was   passed    to   a  fresh   set   of   cultures   in   a  dilution   of   1:10.      All 
four    \lrus    types   were    carried   for    three    serial   passages^    with  pro- 
duction   of    cy topathogenic   changes    and  production   of    complement 
fixing  antigen  in   all   sets   of    cultures.    Since    culture   fluids  were 
changed    three    times   v^^eeklj^,    and   passages  were   made   at   about   ten 
day  intervals    there   is   no   doubt  "that   the    virus   recovered  represents 
newly  formed    virus    and  is   not  residual   from    the    inoculum. 

Cultures    of   human   embryo   skin   were    observed   for    the   production    0^ 
of    cytopathogenic   changes    after   the   inoculation    of   Types   1,2,    and  3, 
r-;nd    characteristic    effects   were    se^n   with   each    virus,    ao    attempt 
vras   r;cde    to    czrvv    the    viruses   in   sei^ial   -passage   in    this    tissue. 
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Significances   of  Findings;   In  order   to  determine  whether  it  is 
reasonable    to   assume    that   any  human   cell   line  will  propagate    this 
virus   several  strains   of   cells  were    tested.    Should   this   assumption 
be   proved   to  be   correct  -   and   to  date   all   human  lines    tested  will 
propagate  it  -   the   need  for  large   scale  production  becomes  most     . 
pertinent  for   the   further   study  of    the  A.P.C.    virus   group   and  for 
the  production  of    virus  for   vaccine  producti  Dn -f rom  a  strain  of 
cells  not   obtained  from  cancer   tissue, 

ProT^osed   course   of  project   :   De   velopment  of  strains  of  human  cells 
are   desired  in   large   masses,    capable   of  propagating  A.P.C.    virus 
which  has   considerable    significance  in   bringing  about   loss   of  man 
hours  in  both   civilian   and  military  population.    Continued  studies 
mu,st  be   made    to   develop   strains   of   cells  which  will   grow  on   a  semi- 
defined  medium  or   on   a  media  low  in  non-viral  protein  such   as  horse 
serum  for  human   cells.    Such   strainsmust  be    tested  for    viral  pro- 
pagation  and  non-malignancy.      This  presupposes   continued  work  in 
methods    to   develop   large    cultures   such   as   shaker   cultures   and   to 
determine   whether   human   cells  in   culture    are   malignant.    Trans- 
plantation  of    tissue   into   the   interior   of   the   mouse   eye,   x-irrad- 
iation   and   cortisone    treatment   of   animals  will  be    given   considera- 
tion.   Hethods   of    controlling  possible   development   of  malignancy 
by  cells  in    tissue    culture   must  be   devised   and   tested  for   their 
validity. 
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Collaborative   Inter-institute    study,    for   more    detail   see   report 
cf  Er.    PvObert   J.    liuebner,    LID,    IslZI . 


None 
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Office  IS/iemorandum  •  united  states  government 

TO        :    Tir .    Ilider,    thru    Di".   Andervont  date:     Jan.    6,    1955 


FROM    :  Dr.    Earle 


SUBJECT:   Progi^ess   reports   submitted  \>y  the    Tissue  Bank  of 

the   U.S.Aaval   Hospital. 


The   project  report  submitted   on    the    collaboration   studies 
v/i  th    the   U.S.    Naval   Hospital   Tissue   Bank  represent  work  done  in 
soirie   part  vvi  th    the    facilities   of    the    Tissue    Culture   Section, 
Laboratory  of   Biolor^?',    aCI  .   A  good  part   of    the   Korlc,    however,   has 
been   done   by   the   Aavy   Tissue   Bank  in    their  own  facilities  under   a 
systen?  of   consultative    collaboration. 
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PROJECT  DESCRIPTIOH-    Objective-   a)    To   produce    and  maintain   as   many 
series    of   huiaan   eDidermis    cultures    as    are    necessai^y  for    the    under- 


standing of  its  behav 
the-  minimum  ctmount  of 
quantities  sufficient 
and  tramatic  injuries 
their  primary  origin, 
To  adapt  these  series 
tion  to  assist  in  the 
Once    these    cells    are 


b)    To   determine   by  methods   available, 
reouired   to. cultivate    these    cells   in 


lor. 
time 
for  its    clinical"  application   in    thermal 

.    c)    To  identify    these    series   of    cells   as    to 
i.e.,    connective    tissue   or   epithelial,    d) 
of   cells   to   a  media   of   heterologous    composi- 
study   of    the   problem   of   homo  grafting,    e) 

available   in   sufficient  quantities,'  to   deter- 


mi  II  e 
ser\ 


the 


most 
or 


TDractica. 


mexpens: 


ve    and  less    toxic  means    of  pre- 
tion   for   extended   periods    of    time,    f)   Animal   experimental 
procedures    to   follov:   the   beha\dor   of   normal   cultured   cells   in    vi vo 
for   differentiation    and  malignancy,    g)    To   Droduce    strains    of   epithel- 
ial   cells   derived   from   endocrine    tissue   in    order    to   study   their 
products    of   m.etabolism   and   excretion. 

From    the    objectives   stated,    collaborative    projects    have   been   in- 
stituted.   These    are:    objectives    C,    B   and    E,    and   are    therefore 
assi:med  Projects   lumbers    2,3   and   4.  '(AEiC) 

"    '"      '        a)    Split   thickness   sl:in   and   endocrine    tissue    procured   from 
ue   Banl:,    i\aval   Eedical   School    is   subjected    to    vsa-^ying 
ations    of    trypsin.      The   e]:dthelial   elements    areT/moved   after 
stion    of   its"  collagen    fibers,    suspended   in   human    stoclc   media 
ted   in    Earle    T-30   flasks.    The    success    of    tliis   procedure    is 
ys    certain,    and  yields   positive   results  in    appro:;:imately 
of    the    attempts.      After    varying  intervals    of    time    (1    to 
migration    of"  the    epithelial    cells   is    seen,    b)    Anii^al 
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experimental  procedures,    approximating  those   of  its   clinical 
application,    have   been  instituted  in   limited  numbers.    Normal 
mouse   epithelial   elements   have   been  planted   under   a  plastic 
observation   chamber   on    the  back  of   C3H  mice.      To  date,    micros- 
copic  evaluation   Of    the   post  mortum   sections   have   not  been 
completely  evaluated.      Animals  have    just  been   sacrificed  after 
having  received  under  plastic  observation   chambers:   1)    Trypsin 
split   suspension   of  epidermal   cells;    2)    Trypsin  split  epidermal 
sheets;    3)    Trypsin   split   dermal  elements;    4)    Trypsin  digested 
full    thickness   skin;    and  5)    Normal   Neonatal   skin. 

Hajor  findings      The  major  findings   of    this  project  has  been 
restricted    to    the    cultivation   iji   vitro   of   a  strain   of  normal- 
human  epithelium,   which  has   been   subcultured   through   out   the 
calendar  year. 

Significance :    There   is   no  rfeport  in    the   literature   of   a  strain 
of   normal   human  epithelial   cells,    derived  from    the   epidermis, 
having  been   cultivated  over    this  period  of    time,    after   trypsin 
splitting. 

Projected  plans:    a)    To   continue    the    study   of   putogenous   culti- 
vated  epithelial    cells  in    the   experimental   animal,    b)'  By  con^ 
relating  information   secured  from  projects   N^umber   2,    3   and  4   be 
able    to  produce,    maintain   and  preserve   large   masses   of   cultured 
epithelial   cells   for   clinical   application,    if  practical. 
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Project  7^2 

Anterior   chamber   injections. 
PROJECT  TITI£  "^ 


Earle,    Iv.R.    and  Evans,    V.J. 
PRINCIPAL  INVESTIGATQRCS) 


OTHER  mVESTIGATCRS 


PROJECT  DESraiPTIOK  :    a)    To   determine    the    occurence    of    tumors  in   the 
anterior    chamber   of    the   eye    of   C3H  mice   following  injection   of 
various   strains    of   mali.enant   and  non-malignant   cells,    as   compared 
to   injections    of   normal   human   slcin   epithelium,    b)    The   redifferent- 
iation  pattern   of    tr^'psin   digested   si'in   epithelium   as   compared   to 
strains    of   normal   human  fibroblasts. 

I'lethod :      C3H  mice   were   prepared  in    the   usual  manner,    after  receiving 
350   R  X  irradiation.    Stab  incisions  were   made   medial    to    the    limbus 
of   sufficient   size    to  introduce    a    .1  mm  pipette.   A   suspension    (.1   ml) 
reduced    t  n  '~T/4-Q— ojci  gi  n^l    diluent  were   innoculated  with    the    animal 
returned    to  its    cage.   After    varying  intervals   of    time    (1    to    6  weeks) 
the    animals  were    sacrificed   and   the    eyes  prepared  for   sectioning. 

Iiajor  findings:    Of    the    series    completed    to   date,    which   include 

five    strains    of   cells,    Ivamely: 

1D52  human   skin    (normal) 

1769  human   skin    (normal) 

18  63  human   skin    (normal) 

1831  human   cervical   epithelioma 

1942  human  fascia   (normal) 

only   18S1   has   produced   a   tumor   of   significance. 

Significance :    a)    Prom   this   small    series    of    anterior   chamber   in- 
jections,   no   significance    can   be   drawn.    By  continuing  the   pro- 
cedure,   it   is   hoDed   to   learn  whether   or   not   normal    tissues,   when 
cultivated  in    \dtro  will    or  will   not   produce    a   tumor  in    the  x- 
irradiated  heterologous   host,    b)    Ihat   established  strains   of   cells 
of   er>ithelioma   origin  when  injected  in    the   X-irradiated  heterologous 
(PLSi^E  ADD  SHEETS  AS  KECESSARY  PCS  CCM^INUATION) 
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host,  will  establish   tumors  in  a  large  percentage   of   the 
cases,    morphologically  resembling  the   original    tumor,    c)    No 
pattern   of   rediff erentiation  has  been  formulated. 

Projected  plans:      a)    To   continue    the   present  project,    utilizing 
all   series   of   cells   carried  in    this   laboratory,   with   the   objective 
as   stated   earlier,    b)    To   supplement   this   small  project  with   an 
occasional   intraperitoneal  implant  of    tissue  within   an  Algire 

chamber. 
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Xaior   findin-s :      By    a   system   of    dilution   in    serum   concentration,    a 
series    of   human   riali.rnant    tissue    (1831)    has    been    adapted    to    a   media 
of    heterolo.TOUs    (horse)    media    (19S5). 
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ificance  t      Pi^acti  cally ,    the   existence    of    a   substrain   of   HeLa 
alienant  e'ithelial    cells)    that   can   be    cultivated  in   large 
n   other    than  homologous  serum   offers   extensive    opportunity 
use    of    these    cells   in  human    \dral   studies.      The   mechanism 
ation   should  be    an  interesting  situation   for   study  by   the 
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Freser'.-ation   of   cultured   cells. 


PROJECT  TITI£ 


Evans.    V.J,    and  Earle,    W.    R. 
PRINCIPAL  IJIVESTIGATOR(S) 


OTHER  INVESTIGATCa^ 


PROJECT  MSCRIPTICaj  :    Objective    -   Now   that   cells   can  be    cultured  in 
large   masses,    it  is    desirable    to  be    able    to  preserve    these    cells 
in   a  latent   state,    for   extended   periods    of    time.    The   most  promis- 
ing: method  reported    to   date,    has   been   reported  by  Polge,    C. 
(Xature    164:665:1949)    who   used   glycerine    impregnation   for  preser- 
\dng  bull    spermatazoa.    The   Naval   Tissue   Bank,    Naval  Hedical   School 
hc_s   utilized   this   method   for    the   preservation   of    tvv'o    types   of 
tissue;    sldn    and   cornea.        An   evaluation   of    these    two    tissues   pre- 
served  :  "i    .'-■lycerine    therefore   should  be   made.    The   most   signifi- 
cant   frc'^cr    of    Lhis   method  is   namely:    (1)    Length  of  preservation 


(1   3'eai''    anri    longer 


and   Glycerine) ;    and 
lie  thod 


(1)    the   inexDensi  ve   material   required    (Dry  ice 
(3)    the    le*st    toxic   as   compared    to   other  methods 


Skin  nreserved  by   the   glycerine   method  has  been   used 

clinically   at    the    USi\II  Bethesda,    with   results   approximating   those 
of   skin   -:reserved   in   nutrient  media  at  /40C.      Cornea,  has   been  pre- 
served  in    glycerine    and    stored   at  dry  ice    temperatures    and  used 
clinically',    though   not   at    the    U.S. Naval  Hospital.    By  using   control 
cultures   of  fresh    tissues    (skin   and    cornea)    it  is   possible    to 
evaluate    the    success    of    the    glycerine   method   of  preservation   over 
a   given  period   of    time.      Skin   and   cornea  will  be   procured   from   the 
Tissue    Bank,    Naval  Nedical   School,    and  evaluated  after  im^mediate 
and   prolonged   terms   of   storage.      The   skin    to  be   preserved  is  TsTapped 
around   a   glass    cylinder   and   immersed  in   a  15%   concentration   of 
glycerine    USP,    and    85:"    Earles   saline   for   1   hour.      The   excess   of 
solution  is    decanted   and    the   cylinder  of   slcLn  placed  in    a  double 
jar  unit   for   storage    at   dry  ice    temperatures.    Cornea   are    treated 
in   a  similar  manner   but  without  fixation    to   glass.      A   limited  series 
of  fresh    cornea  have   been  planted  in   Carrel   D-a.5    and   Earle    T-30 
(PI^ASE  ADD  SHEETS  AS  IpIOESSARIf  FOR  C(M:CNUATI0N) 


_  2  -  nci-ii-30(f) 


flasks   and  have   demonstrated  proliferation   of   epithelium,    sub- 
stantia propria   and  endothelium. 

I-Iajor   findings:    Controls   for   the    glycerine   method   of   preservation 
have   'teen    obtaiiied. 

Sig-nificance :      Corneal   endothelial   cells    (iNhich   are   required  in 

a   \dable   state   in  Keratoplasty)    may   assist   in   establishing  criteria 
for    the   preservation   of   cells. cultured  in   large   masses   and  stored 
in    ,p:lycerine.    If   i±   can  be    demonstrated    that   corneal   endothelial 
cells,    Khich   are   preserved  by   glycerine    impregnation   and   stored 
at   drj^  ice    temperatures   exhibit   \dable    cells  iji    nl tr o ,    possibly, 
cells    of   less   specific  function  maj'  be   preserved  in   a  like   manner. 

Projected  plans:    a)    Fresh   and   glycerine   impre,gnated   skin   and   cornea 
v:ill    CO    -^rocured  from   the   Tissue   Bank,    Kaval  iiedical   School,    for 
the   "vr-ose    of   e-valuating  the    application   of    this   method   to    the 
T:rc -■::■.  ti  on   of    cells    cultivated  in   large   masses   by   the    shaker 
tec;:;";/:,    b)    The   innoculation  Kith    glycerine    of    various   strains 
of    C-ll^    carried   ir    this    laboratory  for    the    purpose    of:    (1)    deter- 
mine:   'J:\t    tolerance    of   isolated    cells    to    glycerine,     (2)    rate    of 
freezln-    ana    thawinr  ivi  th    the    retention    of    viability,    and    (3) 
the   r:!£j-:imum.   length   of   rreservation   at   dry  ice    temperatures. 
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A  study  of    the    tumor-producing  capacity  of    two   substrains   of   clone   1328, 
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Hobbs,    G.L.,    Fioramonti,   K.C.    and  Earle,   ¥.    R. 
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PROJECT  EESCRIPTIC8J    Objective    The   objective    of    this   study  is   to  deter- 
mine why   tvs'o   substrains   of    clone   1328   differ  in    their   capacity 
to  produce    tumors   in   strain   C3H  mice.      One   of    these,    substrain  III, 
Broduces   1  percent    tumors;    the    other,    substrain   MI,   produces   97. 
percent   tumors.      Both   of    these   substrains    arose  from   the   same   single 
cell.    Substrain  III   produces   an  increased   number   of   tumors. if    the 
cells   are  injected  into  x-irradiated  mice.    Tumors   of   substrain  III 
arising  in  x-irradiated  mice    grow  on   subinoculation  in   all  non- 
irradiated   mice   injected.      A  second  objective   of    this   study  is    to 
explain    this    change   in    tumor-producing  capacity  of   substrain  III 
ceils   after   one   passage   in   an  x-irradiated  strain   C3H  mouse. 

Methods    employed':    Strain   C3H  mice    are   injected  with   cells    of   sub- 


straiir  III    or   VII,    and    after   a   two  week  period   are   challenged  w^i  th 
an   injection   of   either   substrain    to   determine   whether  immunity  has 
developed.      Cells   or    tumor    tissue   are   also  injected  into  foreign 
strains    of   mice   having  different  histocom.patibili ty  alleles    to. 
determine   whether   a   genetic   change   in  histocompatibility  has   occurred, 
Tumor    tissue    arising  from  both   substrains   is   returned   to   culture, 
and   the  behavior   of    the    cells    tested  by  subsequent  injection  into 
strain   C3H  mice.    Cells   of   both   substrains   are   grown  in   diffusion 
chambers   in    the   mouse    to   determine    their  behavior  in    the   mouse. 

i-Iajor   findings:      It   has   been  found    that   substrain  III    cells   immunize 
or  increase    the   resistance    of    the    strain   C3II  mouse    to   subsequent 
im-plantation   of    cells    of   substrain  III,    and   also    to   a  limited  extent 
to"  cells   of   substrain    111    and   clone    929.    Cultures   or    tumor   tissue 
of   substrain    ^JYl   will    grow  in   a  limited  number  ..of   strain   DBA   and 
A  mice,    but  both   substrains   of    cells   seem    to  have    a  specificity 
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lot  found   to   grow  in   other  strains   of  mice  havin?  different  histo- 
;oinpatibility  alleles.  "  , 

^roposed^  course   of   project;      The   specificity  of   the  immune   reactoon 
.nduced  in    the   strain   C3H  mouse   is   being  in\^sti gated.      A  manuscript  j 
.5  m   preparation.      Since    tumor   strains   differing-  morkedl'y^^n'^idn-f 
.rr?^ciated   animals   have   been  developed  from   this"clone,    the   homo-    ■^"""' 
reni*ity  of    the   cell  population  will   be    tested  by  means   of   sin^^le 
;ell  isolations.  " 
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JN^ational   Cancer   Inst.         2.      Biology 

Tissue    Culture  '        4.  _  a^^ 

SECTION  m-smfzm^  LocATxcaf  (ip  otber  than  BEmsDA)    "^iS^ 


A   study  of   the    tumor-producing  capacity  of   clone    929   of   strain  L. 
PBOJECT  TUm  "^ " "-^ '■ 


Sanford,    K.K. 


PRINCIPAL  mvISTIGATQRCS) 


Hobbs,    G.L.,    Fioramonti,    M.C.,    and   Earle ,    W.R, 
OTHER  im'ESTIGATC^S  "■ 


PROJECT  DESCRXPTICSf     Objecti\'e:    -   The    objective   of    this  study  is    to 
determine   vhjr  cells   of   clone    929   of   strain  L  which   originally  ■ 
produced  a  high  percentage    of   sarcomas  in  strain  C3H  mice,    now 
generally  fail    to  produce    tumors  in  strain   C3H  mice  unless    these 
mice   have  been   subjected   to  whole-bodj'--x-irradiation  before   cell 
injection. 

Ilethods   employed:      Strain   C3H  mice    are   injected  with  cells   of   clone 
929   and  after   a   t^<o  week  period   are  x-irradiated  and  challenged 
i>i.th   an  injection   of    929   cells    to  see   if  immunity  has   developed  as 
compared   with   control    animals    that  received   no  prior  injection. 
Tumors   arising  in  x-irradiated  animals   are   subinoculated  into   other 
strains    of  mice  with  different  histocompatibility  alleles    to  see  if 
a  detectable    genetic   change   has   occurred  in    the    clone.      Cells   are 
also  placed  in   cell-permeable   diffusion   chambers   and  grown  in  im- 
munized and  non-immunized  mouse   hosts. 

Hajor  findings;      It   has  been  found   that   clone    929^  immunize   or  in- 
crease    the   resistance    of    the   strain   C3H  mouse    to   subsequent  implanta- 
tion  of    cells    of   clone    929.    To   a  more    limited  degree    clone    929  cells 
also  increase    the   resistance    of    the   strain   C3H  mouse    to   subsequent 
imr^lantation   of   cells    of    clone   1328.      Tumors   arising  from  clone    929 
fail   to    grow  in   all   other  strains   of  mice    tested.    Clone   929   cells 
gi-"0V7n  in    the   mouse  in   diffusion   chambers    that  allow  host   cell   pene^ 
tration   are   reduced  in  numbers  when    grown  in   an  immunized   animaT^ab 
compared  with   a  non-immunized  control    animal.   It  is    concluded   that 
the    clone    929   cells    generally  fail    to   grow  in   strain   CaH' mice    because 
they  have  become    antigenic    to    the   strain   C3H  mouse    and  induce    an 
immune   reaction  which    tends    to   destroy  them.      The    tumor   cells  were 
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for    the   strain   C3H  mouse.    Tuinors   of   substrain  III    that  have    grown 
in  X- irradiated  mice   were   found   on   subinoculation    to    grow  in   all 
non-irradiated  strain   C3H  mice   injected;    furthermore,    cultures 
of    these    tumors   continued   to   produce    approximately  100  percent 
tumors   in   non-irradiated   mice.    These    tumors  were   found   to  immunize 
the    strain   C3H  mouse.      Cells    of    substrain  III   grown  in   diffusion 
chambers   in  immunized  and  non-irimunized  mice   showed   some   e\ddence 
of   dam.age   in   im"  .nized   animals.      Although    the   production   of    an 
immune   reacti'  .1  in    the    strain   CqK  mouse   may  account  for   some    of 
the   failure    of   substrain   III    cells    to  produce.- tumors ,    there    appear 
to  be    other  factors  involved    that  are   under  investigation. 

Proposed   course    of  project:    One   other   experimental   approach  is 
being  applied   to   a  study  of    the   differences  in    tumor-producing 
capacity   of   substrains    111    and    Yll    and   substrain  III   after   one 
mouse   passage.      The   capacity  of   substrain   VII    to  induce   immunity 
is   also  being  in \'esti gated.     A  manuscript  on    this   study  is  in 
preparation.      Single    cell   isolations   are   being  made  from   these 
substrains    to    test  for  hom^ogeneitj^   of    the    strains   and    to  reveal 
new  variants. 

Sirnj-^icance    to   cancer  research:    This   analyses   of    the   beha\d.Dr 
01    culture    strains    that   differ  markedlj^  in    their   ability   to 
produce    ii-rcomas  in    the    strain   C3H  mouse    and    that  have    transformed 
from  normal   to    tumor-iDroducing  cells   should  proxdde   some   informa- 
tion  as    to    the    tyve    of   metabolic  change    that   these    cells   have  under- 
"one   in    their    transformation. 
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The   de velopriient   of    variations  in   transplantability  and  morphology 
within   a  clone   of  mouse   fibroblasts    transformed   to  sarcoma-producing 
cells  in   vitro.      K.K.Sanford,    G.D.    Likely  and  K.R.Earle.    J.    Nat. 
Cancer  Inst.    15:215-230,    1954. 
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3.  COOPIbATIIS  imriJS  OF  the  public  health  SERVIO;,  C«^  other  ORGANIZATICaiS,  PRO- 
VIDING FUNDS,  FACILITIES,,  CR  PERSCSINEL  F(»  THIS  PROJECT  IN  EITHER  1955  or  I956: 


~IF  iffiS  PROJECT  RF,SEMBLES,  COMPLEMENTS,  CR  PARALLEI5  RESEARCH  DONE  ELSEVHERE 
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SECTION  ©DSSRKES  "l^AfiarWl^^-THAH  BEmSDAT     '^f^NO  ^ 

Study  of    two   strains   of  mouse    liver  epithelium  originally  from 'the 

PROJECT  TITIS   sane    b±n-le    ctill. — — — - — 


Evans.    V.J..    Fes tf all,    B.B.    and    Earle,    W.R. 


Hawkins,    y.M. 
OTHER  INVESTIGATOP^ 


PROJECT  IffiSCRIPTIOS    :    Objectives   -   To   study   tiv-o   substrains,    arising 
from   a  coni-on    clone   of  mouse    liver  epithelium.    One    of    these   strains 
is    of   high    tuiTior  producing  ability   the   other  is   loiv  in    tumor  pro- 
duction.     The   primary   objective   is    to  have   av^ailable    tsvo   such  strains 
for   comparing  their  metabolic   and  physiologic   characteristics. 

liethods   employed ;    Cells    cultured   have   been  studied   in_  vitro   and 
have   been   continuouslj?-  injected  in   both  x-irradiated   and  non- 
irradiated    C3H  mice.      The    beha\dor   of    these    cells   in   replicate 
culture    has   been   studied  for    their  response   metabolically   to  in- 
creased  amounts   of   dextrose. 

-la  J  or   findings:      Xouse    liver   clone    1469  was    ori.ginated  from   a 
single    c.-'ll    of    strain   721   in  April   1948.      This   strain   1469  in 
replicate    cultures   showed  a  higher   content   of   glycogen  when 
given   a  high    concentration   of   dextrose    than    the    content   on   a  low 
concentrrtion.      Re-cently    this    clone    cell   strain  has   shoivn   a   low 
capacity      for   developing   tumors    on  injection.    Tissue    cultures 
from   one    of    these    tumors   developed  a  much   enhanced   capacity  for 
its   cells    to    give   risd    to    tumors   on  re-injection  into   C3II  mice. 

Pi^ojected   work;   It  is   now  planned   to   clone    cells    of   this^train 
so   that   2    clone    strains    of   liver   epithelium  will  be    available 
for  experimental  work.      Studies   will  be   made    to   learn  if . the   second 
clone    strain  preser\T3S   its   present   ability    to    give   rise    to    the 
same   high  incidence    of    tumors   as    the   m.ixed  strain    that   arose   from 
the    tumor.      This  work  is   necessary  in   order   to  have   information 
on   cell    strains    that  will  be   used- for  metabolism  studies. 
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Sicrnificance    to  Cancer   Research;     A  comparative   study  of    the 
Ketabolic   and  physiolo,'?dc   behavior  of   these    two   strains  in 
Tissue    Culture    appears    to   be    of   si.crnificance   in   understanding 
the    characteristics   of   transition  from  a  cell   strain  able    to 
give  rise    to  practicallj''  no    tumors    to   one   able    to   give   rise 
to  a  high  percentage   of   tumors. 
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Wilton   R.      Earle 
PRINCIPAL  INVESTIGATORCS) 


Other  members    of    the   section, 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION  •      A^  Ih  r e  e  ^ od  ti  c  gl 
constructed  m    the   ivEH  ms   

final    adjustments   for   use 

of   various   strains   of  mali 

cells.      Attention   is   calle 

use    of    this   instrument  has 

of    this   delay  has   resulted 

the    massive   fluid    suspensi 

so   significant   that   final 

ly   shelved  in   order   to   all 

pressed    at  full   speed. 


,  ^„  .^  w^_„§ystem„has  been  develoned.  and 
trument  Snops.    Thrs  is   now  undergoing 

in    the   quantitative   comparative   study 

gnant   cells    and  of   normal   animal    tissue 

d    to    the   fact   that  final   adjustment   and 

been  delayed  more    than   a  year   now,   lu'ost 

from    the   fact   that   the   develoriment   of 

on   culture   was   considered   so  urgent  and 

adjustment   on    this    camera  was   deliberate- 

ow  the    fluid  suspension   culture    to  be 


At   the   present    time   work  is   again   returning  to   a  normal  rate    of 
progress    on    the    cinematograph.      The   editing  machine   has   been  re- 
built  and  has    just  been   delivered  from   the   Instrument  Design  Section. 
Final    centerinc:   of    lenses   on    the    camera  is   now  being  completed.   As 
soon   as    these    technological  points   are    completed,    studies   are   plan- 
ned  on    the    following  strains    of    cells;      1)    Strain  L  fibroblast,    t6 
comDlete    the    standardization   of    this    cell   as    one    of   4   existing   clone 
strains    and    the   best   documented   of    the   4.    2)   Liver  epithelium,    clone 
1469,    an   extraordinarily  stable    strain   of  normal   mouse    origin,    the_ 
injections    of  which    give   rise    to    tumors   in   only   1/5   percent   of    their 
cases.    3)    Liver   epithelium,    derived  from  1469,    now  able    to   give   rise 
to    a  higher  percentage    of    tumors.    (Evans,    Westfall,    Hawkins   and 
L'arle)  .      The    comcarison    of   numbers   2   and   3   gives   us   our   closest 
practical    approach   at   present   available    to   a  morphologic   comparison 
of    a  malignant   cell    tj^pe    and    the    (apparently)    normal    cell    from 
which    it    arises..  4)   A    clone    fibroblast  mouse    strain   able    to    give 
rise    to    sarcoma   in    3%   of    its   injections.    5)    A   fibroblast   strain, 
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from   the   same   single    cell    as    (4) ,    able    to   give   rise    to   sarcoma 
in   97%  of   its   injections.    The   morphology   of    the    cells    of    these 
strains   is  radically  different;    their   cinemato^jraphic   corapari- 
son   should   give    significant  data  on   some    of    the    changes  which 
have    occurred.    6)    In    the   human   skin    the    epithelium  in   cultures 
laterally   decoheres,    separates,    and    the    cells   become   migi-'atory, 
elongate,    fibroblast-like.      This   phenomenon  has   greatly   confused 
all   recognition   in   skin    tissue    cultures.     An   attempt  will  be   made 
to   graphically   demonstrate   it.    7)    Development   of   methods   and 
equipment   for   quantitative    comparative    cinemicrography   of    animal 
tissue    cells   in   culture. 
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S-     COOPERATING  UNITS  OP  THE  PUBLIC  HEALTH  SERVICE^  CK  OTHER  ORGANIZATIONS,  raO- 
VIDIRG  FUNDS,  FACILITIliS,  C®  PERSOIJI^EL  PCS  THIS  PROJECT  IH  EITHER  1955  or  I956: 


Kone 


X,     IF  TOIS  PROJECT  RESEMBISIS,  C0I4FLEMEN!IS ,  CK  PARALIEI^  RESEARCH  DONE  ELSEWHERE 
IK  THE  PUBLIC  HEALTH  SERVICE  (WITHaJT  lUTERCHAMGE  OF  PERSCSUJEL,  FACILITIES  CR 
FUNDS),  IDENTIFY  SUCH  RHSEARCH: 

None 
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National  Cancer  Institute    3.   Laboratory  of  Pathology 

imTiTUTE  "labcratory  cb  branch 


Office  of  the  Chief k,         Bethesda,  Maryland.  ^'^c/S^^ 

SECTION  OR   SERVICE  LOCATI(»l  (IF  OTHER  THAN  BETHESDA)   SERIAL  NO 

"Histogenesis  and  pathology  of  induced  and  spontaneous  tumors  of  laboratory 
animals". 


PROJECT  TITLE 


''   Dr.  Harold  L.  Stewart 
PRINCIPAL  INVESTIGATOR(S) 


Dr,  Katharine  C^,  Snell 


OTHER  INVESTIGATCp  — _ 

PROJECT  DESCRIPTIOH 

Project  title;  "A  study  of  the  histogenesis  and  pathology  of  induced  and  spontaneous 

tulJiors  in  laboratory  animals*** 
Objectives:  To  gain  knowledge  concerning  the  etiological  and  pathogenic  factors  in 
the  production  of  neoplasms  in  experimental  animals  and  to  make  information  obtained 
available  to  other  investigators* 
Methods  employed; 

~n  A  fascicle  on  <a:"ansplantable  and  transmissible  animal  tumors  is  being  prepared 
for  publication  in  the  Atlas  of  Tumor  Pathology  under  the  auspices  of  the  Sub- 
committee on  Ofljcology  of  the  Committee  on  Pathology  of  the  National  Research 
Council.  This  -fascicle  is  to  include  the  history,  transplantation  behavior, 
detailed  pathological  description,  and  microphotographs  of  $0  of  the  most 
widely  used  sLnimal  tumors.  (Dr.  Lucia  Dunham  is  collaborating  on  this  project). 

2.  A  large  series  of  untreated  rats  of  seven  strains,  males  and  females,  breeders 
and  non-breeders  is  being  necropsied  at  various  age  intejrvals  and  subjected  to 

detailed  pathological  examination  in  order  to  enumerate  and  classify  spontaneous 
tumors,  to  study  tissue  changes  with  increasing  age,  and  to  furnish  controls  for 
present  and  future  experiments. 

3.  Carcinogenic  and  non-csircinogenic  compounds  in  different  vehicles  are  introduced 
into  various  organs  of  experimental  animals  by  means  of  injection  or  ty  being 
incorporated  in  food  or  drinking  water.  Animals  employed  are  isLce,  rats,  guinea 
pigs,  rabbits,  and  monkeys. 

h*     A  study  of  tumors  occurring  in  the  NHO  strain  of  mice  is  being  made.  These 

mice  are  of  interest  because  of  the  fact  that  their  ancestors  received  a  single 
dose  of  methylcholanthrene  in  an  effort  to  produce  an  hereditary  gastric  carcinoma, 
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9.  PROJECT  DESCRIPTION  (Cont.) 
Ma.jor  findings  i 

1,  Fascicle  on  Transplantable  and  Transmissible  Animal  Tumors:  The 
manuscripts  and  microphotographs  have  been  completed  on  all  tumors j 
final  correction  and  editing  is  in  progress j  many  outside  investigators 
have  been  consulted  concerning  recent  experimental  data  on  and  he 
behavior  of  various  tumors. 

2.  A  total  of  378  age  control  rats  has  been  necropsied.  Unusual  tumors 
have  been  noted  including  a  lung  tumor,  testicular  tumors,  carcinomas 
of  the  adrenal  cortex,  and  a  carcinc -sarcoma  of  the  jejunum. 

3.  Results  obtained  from  the  transplantation  of  precancerous  lesions  of  the 
glandular  stomach  of  mice  and  rats  and  the  intrahepatic  injection  of 
9,10,diraethyl-l,2-benzanthracene  are  now  being  evaluated. 

li.  Various  tumors  in  the  NHO  strain  of  mice  have  been  studied,  including 
tumors  of  the  nervous  system,  lung,  uterus,  and  of  the  reticulo- 
endothelial system. 

Sigrd-ficance  to  Cancer  Research;  The  knowledge  gained  from  a  study  of  neoplasms 
in  laboratory  animals  siiduld  provide  a  basis  for  further  work  on  the  mech- 
anism of  carcinogenesis  in  the  human  being. 

Proposed  course  of  the  project;  It  is  expected  that  the  Fascicle  on  Trans- 
plantable  and  Transmissible  "Animal  Tumors  will  be  ready  for  publication 
within  the  next  few  months. 

Experiments  dealing  with  carcinogenesis  will  be  continued.  In  addition 
to  those  experiments  mentioned  above,  an  effort  to  produce  pulmonary 
adenomatosis  by  feeding  1,2,5,6-dibenzanthracene  to  DBA  mice  will  be 
continued,  and  an   experiment  designed  to  produce  rhabdongrosarcoma  in  the 
rat  will  be  undertaken. 
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3U     COCFERATilfS  mUTS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  CKGANIZATICNS,  HRO- 
VIDING  KHJDS,  FACILITIES,   m.  PERSCSINEL  FOR  THIS  PROJECT  IN  EITHE31  1955  or  I956: 


None 


%     IF  THIS  PROtECT  RESEMBLES,  CCMPLEMSNIS ,  CR  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHAK^  m  PERSOHMEL,  FACILITIES  CR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 

To  my  knowledge  no  similar  research  is  in  progress  elsewhere. 
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Cancer  Pathology  Section l^.      Bethesda,  Maryland  ^^lc/-S^^/ 

SEGtIOH  CK  SERVICE  LOCATION  (IF  OTHER  THAN  B51THESDA)   SERIAL  NO 


Investigations  in  the  Geographic  Pathology  of  Cancer 

Ikoject  title  ~~~'     "^ — — 


Project  1)  Dr,  Ha.vold  L.  Stewart,  Dg.  Harold  F,  Dorn,  Dr.  Lucia  J,  Dunham 

PRIECIPAL  liNVESTIGAI-ORC S ) 

Project  2)  Dr,  Lucia  J.  Dunhan,  Dr,  Harold  F.  Dorn 
Project  3)  Dr.  Lucia  J,  Dunham 

,.  Project  1)  Dr.  John  H.  Edgc'omb,  Dr.  Louis  B,  Thoiiias  and  Dr.  C,  Harold  Steffeej 
OTHSK  INVESTIGATCSS  —_- . 

•sJRefer  to  Mr.  Haenszel's  report  -  Biometry  Section,  Epidemiology  Branch 

PROJECT  DESCRIPTION 

Project  1):  Field  studies  on  female  genital  cancer  in  New  lork  City  and  Israel, 

Project  2):  Techniques  in  the  geographic  pathology  of  cancer. 

Project  3):  Experimental  work  related  to  the  geographic  pathology  of  cancer. 

Objectives; 

Project  l)  Studies  on  uterine  cancer  (uterine  cervix  and  corpus)  in  Jewish, 
non-Jewish  white  and  Negro  patients  in  New  York  City,  and  on 
other  female  genital  cancer  in  patients  in  Israel,  are  being  made 
with  a  view  to  facilitating  further  understanding  of  the  differences 
noted  in  these  groups. 

Project  2)  It  is  hoped  to  increase  the  value  of  corriparative  studies  in 

geographic  pathology  by  a  scholarly  study  of  present  techniques 
and  offering  suggestions  for  imprcfving  and  standardizing  these. 

Project  3)  Means  are  being  devised  for  testing  in  the  laboratory  etiologic 
factors  suggested  by  geographic  pathology  studies, 

Misthods  EiTiployed; 

Project  1)  The  study  is  being  pursued  by  a  group  of  trained  investigators  in 
New  York  City  and  Israel,  Coding  of  the  resvilts  and  a  statistical 
analysis  are  being  carried  out  at  the  National  Cancer  Institute, 
Three  parallel  aspects  of  the  study  are  pursued  (l)  Obtaining 
records  of  all  uterine  cancer  cases  diagnosed  in  the  areas  indicated. 


{please  ADD  SHEETS  AS  NECESSARY  FOR  CONTINUATION) 
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PROJECT  DESCRIPTION  (Cont'd) 

with  information  on  the  patient's  color,  religion,  age, 
exact  diagnosis,  etc.  (In  Israel,  breast  cancer  and  other 
feraale  genital  cancer  have  also  been  investigated);  (2) 
Interviewing  all  uterine  cancer  patients  possible,  and  an 
equal  ntunber  of  control  patients  with  a  view  to  establishing 
any  factors  in  the  patient's  past  history  worthy  of  fiirther 
.  study  in  elucidating  uterine  cancer  differences  in  incidence j 
(3)  Pathologic  study  of  material  from  all  possible  cancer 
cases  in  the  above  studies, 

Pro;ject  2)   Preparation  of  an  exhibit  and  accompanying  leaflet  on  Techniques 
in  the  Geographic  Pathology  of  Cancer,  with  world  maps  on 
relative  cancer  frequencies. 

Project  3)   Initiating  this  work  with  studies  on  oral  cancer.  It  is  planned 
to  keep  suspecxed  agents  in  chronic  contact  with  the  hamster 
pouch  mucosa. 

Major  Findings; 

Project  1)   Corpus  cancer  is  more  frequent  than  cervix  cancer  in  Jewish 

women,  but  because  the  latter  type  is  less  frequent  ra.ther  than 
bec;ausp  corpus  "ancer  is  more  frequent.  The  New  York  City  and 
Israel  data  agree  in  these  respects.  In  non- Jewish  white  women 
cervix  cancer  appears  to  be  at  least  twice  as  frequent  as  corpus 
cancer,  and  cerf/ix  cancer  appears  to  be  very  much  higher  in 
Negro  women.  The  coding  of  the  New  York  City  questionnaires 
exclusive  of  xhose  from  Negro  patients  is  nearly  complete,  Israel 
interviews  are  complete,  and  pathology  studies  from  both  areas 
are  about  naif  complete. 

Project  2)   None,  Interest  has  been  expressed  by  geographic  pathologists. 

Project  3)   None,  The  work  is  still  in  its  initial  stages. 

Significance  to  Cancer  Research; 

Project  1)   As  female  genital  cancer  and  especially  uterine  cancer  are  the 

most  common  causes  of  illness  and  death  from  cancer  in  women,  any 
knowledge  of  contributing  causes  will  help  in  the  control  of  these 
diseases. 

Project  2)   Anything  that  will  contribute  to  more  uniform  reporting  of  studies 
in  geographic  pathology  will  contribute  to  their  reliability  and 
value « 

Project  3)   Answers  to  some  of  the  questions  posed  in  geographic  pathology 

studies  may  be  more  readily  and  proiriptly  answered  in  the  laboratory 
than  by  population  studies. 


PROJECT  RBP(KT  FORM  (Cont'd) 


PAGE  3 


Oi 


SERIAL  NO. 


11.  SUiKiS!!?  DATA: 


ESTIMATED 
E:'iTF.;:"DTTl)HES 

BUDr!ETED  POSITIONS 

MAN  YEARS 

PATIENT 

DAI3 

PRjDF 

OTHER 

TOTAL 

PRO? 

OTilER 

TOTAL 

n  1955 

0  h.i']-  y/? 

6 

«:k_v 

g' 

li  yrs 

2  yrs. 

3|  yrs 

^  . 

FY  1956 

/> 

X 

5 

l|  yrs 

2  yrs. 

3i  yrs, 

^ 

Bir!>a-ET  ACTBfIfY: 


RESEARCH 


REVIEW  &  APPROVAL 


.n 


ADMINISTRATION  [J 

TEGINICAL  ASSISTAltCE    [J 


ccci-£,/;ATnia  uuiis  0?  ti£  pu2Lic  isialth  service,  or  other  orgaijizatics^s,  ero- 
viDiiia  ^umz,  facilities,  or  PEi^sOiSrsL  Fcm  ims  project  in  either  1955  or  1956: 

Project  1)  Mr.  W.  M,  Haensael,  Dr.  Harold  F.  Dorn 
Project  2)  Dr.  Harold  F.  Dorn 
Project  3)  Dr.  Marvin  Burs tone 


IF  IyIIS  project  IkSSSlSLES,  CQ^SlB^iEWm,   QB-  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  TiS  PUBLIC  HEALTH  SERVICE  (WITHOH!  IHTERCHAKGE  OF  PERSa^KEL,  FACILITIES  GR 
FtJI®S>,  IDEKTIFY  SUCH  RESEARCH: 

This  project  does  not  to  our  knowledge  parallel  research  done  elsewhere  in 
the  Public  Health  Service 


NCI-5PX   „ 

SERIAL  NUMBER  p^Qg  3 


PROJECT  DESCRIPTION  (Cont'd) 


Proposed  Course; 

Project  1)  It  is  planned  to  continue  interviewing  of  Negro  patients 

for  2  years.  Pathology  studies  will  be  con^jleted,  and  coding, 
punching,  and  analysis  of  questionnaires  will  be  completed. 

Project  2)  It  is  planned  to  keep  up  to  date  a  critical  appraisal  of  this 
field. 

Project  3)  As  stated  for  3)  under  Lfethods  Employed. 
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SERIAL  NO. 

PUBLICATIOIB  OTHER  THAN  ABSElACIS  FRCM  SEES  PROJECT  DURING  CALEKDAR  TfEAR  195'+: 

The  material  of  the  exhj.bit  on  Techniques  in  the  Geographic  Pathology  of 
Cancer   (Project  2), adapted  for  publication  with  the  Proceedings  of  the 
Vth  International  Conference  on  Geographic  Pathology;   to  appear  in  the 
Schweiz.  Ztschr.  f.  allg.  Path,  u,  Balct. 


HCifCStS  AND  AWARDS  TO  PERS0NI1£X.^SSTING  1^  TSZ8  PROJECT  DURIHG  CALSIDAB  IfEAR 

I95t»; 


None. 
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National  Cancer  Institote    2.  Laboratory  of  Pathology 

B^TITUTS  LABCRATORY  CR  BRANCH 

Offlca  of  the  Chief   _______  ^'  Bethesda,  Maryland  . ^TccZ-'S^^- 

SKCilON  CR  SERVICE  WCATJOI  (IF  OffiHR  THAN  BETHESDAJ   SERIAL  NO 


"Histopathology  and  histogenesis  of  neoplasms  of  the  skin»" 
PROJECT  TITLE 


Dr»  John  H.  Edgcomb 

PRINCIPAL  INVESTIGATOR(S) 

None  

OTHER  INVESTIGATC»S  ^  "  '       ~~~  ~" 

PROJECT  DESCRIPTION 

ft'oject  Title?  "Histopathology  and  histogenesis  of  neoplasms  of  the  skin''. 

Objectives:  To  study  available  material  relating  to  the  pathologic  changes  in  the 
skin  of  man  and  experimental  animals  and  to  perform  experiments  designed  to  afford 
tinders tanding  of  the  derivation  of  tumors  from  dermal  and  epidermal  structures, 
the  stages  and  patterns  of  tumor  foinnation,  and  the  behavior  of  various  tumors 
as  a  fxmction  of  their  derivation  and  structure. 

Methods  employed; 

I.  Collaborative  studies  with  material  accumulated  on  skin  tumors. 

(a)  Several  experiments  with  a  transplantable,  keratin-producing  cystic 
tumor  of  the  skin  of  the  strain  C  mouse  have  been  performed. 

(b)  A  method  for  staining  the  pituitary  gland  of  the  mouse  has  been  perfected 
in  Mr,  Albrecht's  laboratory  and  will  be  applied  to  hairless  mice 
secured  from  Dr.  Deringer. 

(c)  The  study  of  samples  from  the  skin  of  necropsied  zoo  animals  is  con- 
tinuing, 

(d)  Several  hundred  tumors  from  the  experiments  of  Dr.  Andervont  on  tho  effect 
of  strain  on  tumor  yield  in  mice  subjected  to  a  standardised  skin  psijiting 
procedure  are  being  classified,  specially  stained  and  analyzed, 

II.  Experiments  conducted  by  the  investigator. 

(a)  An  attempt  to  produce  malignant  melanomas  in  guinea  pigs  by  repeated 
skin  painting  with  dimethyl-benzanthracene. 

(b)  Experiments  to  characterize  the  leukemoid  reaction  induced  by  the  trans- 
plantation of  the  Bryant  tumor  of  strain  C  mice* 

(c)  The  maintenance  of  a  colo^ny  of  hairless  mice. 
III.  Studies  of  tumors  in  man. 

(a)  I  have  assumed  a  considerable  share  of  the  surgical  pathology  arod 
necropsy  services  in  the  Clinical  Center. 

(PIEASE  ADD  SHEETS  AS  KECESSARY  FCR  CC^TniUATlON) 
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9»  PROJECT  DESCRIPTION:  (Cont,) 

Hajor  Findings ; b) At  present,  due  to  moving  of  laboratories  into  the  Clinical 
Center  and  to  a  low  degree  of  fecundity,  the  hairless  mice  have  not  increased 
in  mmber.  Studies  of  the  pituitary  glands  of  a  few  animals  by  several  methods 
have  restslted  in  t  he  choice  of  a  method  which  should  allow  a  quantitative  assess- 
ment of  the  munbers  of  cells  of  different  types  present* 

(a)  An  experiment  on  the  leukemoid  reaction  secondary  to  the  suvcutaneous 

transplantation  of  the  Bryant  tumor  has  led  to  the  following  conclusions:- 

(1)  The  reactions  are  severej  cell  counts' of  $00,000  mm,  have  been 
observed  8-12  weeks  after  transplantation, 

(2)  The  cells  involved  are  polymorphonuclear  neutrophils, 

(3)  The  reaction  appears  as  the  tumor  becomes  cystic  and  necrotic  and 
disappears  within  three  days  of  the  excision  of  the  tiunor. 

(c)  No  major  results, 

(d)  Dr,  Andervont  is  reporting  the  results, 

II. 

(a)  Seven  of  forty-seven  guinea  pigs  now  have  small  tumors, 

(b)  See  C-I-a. 

(c)  See  C-I-b, 

III, 

(a)  I  have  performed  nine  necropsies  and  have  either  described  or  checked  out 
about  two-thirds  of  the  accessioned  surgical  pathology  material  received 
in  the  last  four  months  of  the  year.  This  activi"ty  has  caused  me  to  dis- 
continue my  studies  at  the  Armed  Forces  Institute  of  Pathology, 

(b)  Due  to  the  terapwrary  illness  of  Dr.  Steffee,  I  have  contributed  some  time 
to  the  diagnosis  of  cases  and  to  the  administration  of  some  parts  of  the 
study  on  uterine  cancer  at  present  being  conducted  by  the  Section  of 
Geographical  Pathology, 
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12.  BUDG3T  ACTIVITY: 


RESEARCH  ^ 

REVIEW  &  APPROVAL  [J 


ADMIMISTRATION       [J 
TECHNICAL  ASSISTANCE  [J 


13.  COOPEiyiTIKa  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  ORGANIZATIOHS ,  PRO- 

VIDIKG  FUNDS,  FACILITIES,  OR  PERSONNEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 


None 


\K',     IF  THIS  HSOJECT  RESEMBLES,  CCMPLBMEN1S,  CR  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHCXJT  INTERCHANGE  (F  PERSQNBEL,  FACILITIES  CR 
RJiiDS),  IDENTIFY  SUCH  RESEARCH: 


Not  to  iigr  knowledge 
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Hatior»al  Cancer  Institute    2.         Laboratory  of  Pathology 


Cancer  Induction  k   Pathogenesis  U.    Bethesda;,  Maryland, ^Dte/^^3 

SECTIOH  OR  SMnCE  "XOCATIOIJ  (IF  oMr   THAW  BEfflESDA)"   SERIAL  WO 


"Morpholo^  of  neoplasmg  In  laboratory  animals (With  particular  reference  to 

moJECT  TITLE     leukemia  In  mice)';  ' 


Dr«  Thelma  B.  Dunn 

PRINCIPAL  iKVEsa:iG®^Tsr 


None 


OKfER  DJVSSTIGATORS 


PROJECT  DESCRIPTICK 

Project  title;  "Morphology  of  neoplasms  in  laboratory  animals  (With  particular 
reference  to  leukemia  in  uice)". 

Objectives:  To  recognize  and  diagnose  various  neoplasms  appearing  in  laboratory 
animals  in  order  to  understand  significance,  and  to  make  this  knowledge  available 
to  others  engaged  in  cancer  research*  Special  emphasis  Is  placed  on  neoplasms 
of  reticular  tissue* 

Methods  employed;  Control  animals  and  animals  bearing  spontaneous  or  induced  neo- 
plasras  are  autopsied,  and  histologic  studies  are  carried  out.  Special  studies 
are  made  of  the  blood  forming  organs,  including  study  of  peripheral  blood»  Much 
of  the  work  is  collaborative,  consisting  in  examination  of  animals  used  in  a 
variety  of  experiments.  Collections  of  tumors  from  other  laboratories  in  the 
Unit-ed  States  are  examined. 

Major  findings;  T^e  morphology  of  many  tumors  has  been  described.  The  significance 
of  several  types  as  expressions  of  the  neoplastic  stimulus  have  been  described. 

Significance  to  Cancer  Research;  Since  the  neoplasm  is  the  end  point  in  many  ex- 
perrraents/  11  is  ImportiintrThat  these  neoplasms  can  be  recognized  and  accurately 
diagnosed.  Information  on  the  comparative  pathology  of  neoplasms  is  also 
important,  since  the  different  expressions  of  the  neoplastic  process  may  give 
some  clue  as  to  the  factors  trtiich  operate  to  produce  them, 

Proposed_ course  of  project;  To  continue  observations  on  a  variety  of  neoplasms 
in  laboratory  animals,  always  relating  them  to  the  broader  problem  of  cancer 
in  man.  To  describe  and  publish  details  regarding  the  normal  and  pathologic 
anatomy  of  laboratory  animals,  so  they  can  be  used  to  greater  profit  in  experi- 
ments, especially  those  relating  to  cancer.  (Note;  -  Much  of  the  work  is  as  a 
Consultant  or  Collaborator  with  other  member s'^oFUhe  Staff  of  the  National  Cancer 
Institute  who  have  problems  involving  pathology, ) 
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RESSABCH 
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AmmilSTRATIOH  £7 

fgCHllICAL  ASSISTANCE    £7 


L3r~C0^ERA'rXMG  UI5ITS  OF  Dl^fPrnJC  lEALSli  SEBVICE,  (®  (MIEH  CBCMJIZATIOS,  PRO- 
VIDI-WG  FUl^TDS,  FAGIUTIES,  CR  PERSCSTum  PCm  «£HIS  fRO,JECT  H  ElfHEa  1955  or  1956: 


None 


IN  TiiE  PUBLIC  lEALlB  SEBVICE  (WIS^iOIT  Biii:RCHAr^>S  ^  PESSCI®EL,  FACILrilES  (2* 
FUxiDS),   IDSIKl'IFY  SUCH  RESSAHJEs 

Not  to  my  knowledge. 
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.  S^EKlAL  NOo 


■(T.    FusLXCADioia  oiiisp.  m^  "ABmm^'WQnim  pboJ'3ct  Dm^iM  caleeiar  year  195^: 

1.  Dvmif   T.  B.  5  Korraal  and  pathologic  anatociQr  of  the  reticular  tissue  in  laboratory 

mice,  xri.th  a  classification  and  discussion  of  neoplasms« 
J.  Nat,  Cancer  Inst,  lU:  1281-1U33,  19%. 

2.  Dunn,  T.  B,:  Importarice  of  morphology  in  inbred  strains  of  mice, 

J,  Nat*  CsRcsr  Inst*  (in  press).  To  be  puolished  with  a  Symposium  given 
at  the  Jack;;on  Memorial  Laboratory,  Bar  Harbor,  Maine,  commemorating  the 
twenty-fifth-  annivei\'3eTy  of  the  founding  of  the  laboratory, 

3.  Andervont,  H.  B,,  and  Dunn,  T.  B.j  Transplantation  of  hepatomas  in  mice. 

J.  Wgt.  Cancer  Inst,  (in  press).  To  be  published  in  a  Symposium  on  Hepatomas 
held  at  Arden  fiouse.  New  Tork,  October,  19$h» 


HCSOfiS  Ajffl  AWAHIS  TO  PERSO^ilSL  RELATlliG  TO  TitllS  mOM?S  IKJRIiiG  CALENDAR  YEAR 
195**: 

Invited  to  give  talk  on  "Importance  of  morphology  in  inbred  strains  of  mice" 
(see  publications)  in  honor  of  Dr,  Elizabeth  Fekete,  who  was  completing 
25  years  at  the  Jackson  Memorial  Laboratory, 

Invited  to  lecture  (as  a  member  of  the  faculty)  on  "Neoplasms  in  laboratory 
rodents",  in  a  course  on  the  Pathology  of  Diseases  of  Laboratory  Animals, 
given  at  the  Armed  Forces  Institute  of  Pathology,  Oec,  6-10,  195U. 
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National  Cancer  Institute     2.   Laboratory  of  Pathology 

jusTiimz  .  "laboratory  CS  BSAKCH 


Cancer  Induction  &  Pathogenesis  k,        Bethesda^  Maryland  , 57fey--%5^y 

SECTION  OR  SERVICE  LOCATIOH  (IF  OTHER  THAN  BETHESDA)   SERIAL  NO 


"The  electron  nderoscopy  of  normal  and  pathologic  tissues  and  tissue  components" 
PROJECT  TITLE  '  """"^  ~"       '' 


Dr«  William  G.  Banfield 
PRINCIPAL  INVESTIGATOR(S) 


None 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPncai 


Project  title?  "The  electron  microscopy  of  normal  and  pathologic  tissues  and  tissue 
components". 

Objectives?  The  objectives  of  this  program  are  to  establish  a  pattern  of  ultra- 
microscopic  morphology  for  certain  neoplasms  and  related  normal  and  pathologic 
tissue  and  to  follow  the  leads  obtained  that  appear  most  promising. 

Methods  employed;  Ultra  thin  sections  are  made  from  tissue  obtained  from  human 
surgical  and  auto spy  specimens.  These  are  studied  with  the  electron  micl^5scope 
and  their  electron  microscopic  histology  described.  Other  methods  of  preparation 
including  horaogenation  and  freeze  drying  complete  shadow  casting  will  be  employed* 
Since  these  studies  will  deal  with  connective  tissues  as  one  aspect,  related 
experiments  involving  chemical j  physical  chemical  and  biological  methods  will 
be  employed* 

Major  findings;  The  project  will  not  be  underway  until  Jvily  19^h» 

Significance  to  Cancer  Research;  The  program  will  enable  a  study  of  alterations 
of  ultrastructure  in  and  about  the  neoplastic  cell  by  direct  visualization, 
such  alterations  heretofore  have  been  either  inaccessible  or  accessible  only 
by  indirect  methods.  In  addition,  such  possible  etiologic  agents  of  the  size 
of  viruses  would  come  into  the  range  of  visibility. 

Proposed  course  of  project;  The  results  obtained  from  the  methods  employed  will 
influence  the  direction  of  subsequent  studies. 
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OTtlER  IIJVESTIGATORS 

PROJECT  BESCRIPTIOH 

Project  title;      "Veterinary  Pathology" 

A.    Th.e  behaviour  of  transplantable  osteor-enic  sarcomas   In   G3H  mice 

Objectives:      To  test  the  influence  of  grovrth  sites  on   the  capability 
of  these  transplantable  tumors  to  produce  bone.      (VJhen  transplanted 
routinely  to  the  subcutaneous  tissues,   they  lose  this   capacity  in  3-5> 
Cenerations.)     Also  to  test  the  influence  of  various  exofrenous  agents^ 
on  bone  production    (Vitamin  Tj,   tiltra-violet,  and  estrogenic  hormones,) 

Methods;      To  test  the  influence  on   site  of  growth,    tumors  are  transplanted 
into  skele-tal  muscle,   intracranially,    intraperitoneally,   and  near  injured 
periosteun. 

i-lajc-r  findin.-s;      Tt-jo   chII   t^/pes   of  the   tumor  have  been   carried  among  the 
five  transplantable   tujiiors  investigated;      the   cord-cell   type,   which 
metastasizes   readily  and  proauces   spicules   of  bone  both   in   the  transplant 
and  in   inetastases,   and   the  spindle-cell   type,   which  metastasizes   terminally, 
Both,   of  these   tu,..or3   .";roduce  more  bone  when   transplanted  into  the  muscle 
of   the  le^-    tha/;    in   any  other  site.      l':x:of':.nn-jo   agents   so  far  have  had  no 
effect   on   the  bcnr-oroducing   capacity  of  the   tumors.      Selection  of  tumor 
for  trrr..-ilai,tati:;!-,,   from  the  soft  periphery'-  of  the  tumor  usually  pro- 
QUC--C    a   :'.' ct,-i' roirlri'-,  nnn-bone   cro.v.cinf  tin-ior  while  tisdue   selected 
cl^i^.r-    X.'-'   W.c-    wo.'-     --r-tion    jroc.;r_;-:   c    slower-^  roOT.n^'  tumor  mth   tendency 
to   oor.;   :.:o^-j  .ctic.-j    bit   is   sIjW' r   t'?   !-tasta;i?e  tlnan   the  fonaer. 
fonsi  ;  t-.r.r/  oi    r  — ;..lt.>  has   not  been   entirely  lOTiiform. 
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bignificance  to  cancer  research;      TSie  variation   in  functional  activity' of 
tumor  cells    (tFioir  ability  to  act  like   the  normal  parent  cell)      is  one  of 
the  most  perplexing  problems   in   ca.ncer  research.      Since  bone   tuinors   have  not 
been  investigated  to  any  degree  in   this   recard,   it  is  hoped  that  th3.s 
investif;ation  will  not  only  prove  a  valuable  tool  for  future  study,   but  vri.ll 
;:irovi.de  some  infornation   on   their  functional  acti^dty. 

Proposed  ccurse   of  project:    This  project  is  now  completed  and  the  results 
are  being  analyzed  in  view  of   oublication,      'Plie  tumor  strains  will   be 
maintained  in   the  labors. toiy  for  Tostible   future   ejq^eriments. 

Bone   tumor  carcinogenesis 

Objective;      To  test  the  capacity  of  intravenous  Ber^riiium  oxide  to  produce 
osteogenic  sarccr.na   in   dogs. 

Methods ;  200  milligrams  of  berylliim  oxide  were  injected  intravenously  in  a 
single  injection  into  8  dogs.  Ihese  animals  have  now  been  under  observation 
for  over  a  year. 

Major  Findings;    One  animal  has  died  (Approximately  1  year  follovjing  the 
injection)  and  autopsy  revealed  multiple  granulomatous  lesions  in  the  lymph 
nodBj    spleen,  bone  iriarrow,   lungs  and  liver.     Refractile  crystals,   which  may 
be  ber5'"llium,  were  obs.jrved  in  the  granulomata.      No  evidence  of  bone  cancer 
was   seen.      The  remaining  7  animals  are  still  in  good  health  after  2  years. 

Significance; '    Providing  osteogenic  sarcomas  are  produced  in   dogs   (as  has 
previously  been  done  in   rabbits),  it  is  felt  that  a  more  suitable  experimental 
animal  for  surgical  and  laboratory  procedures  will  have  been  demonstrated. 

The  incidence  of  tumors  in   captive  mid  animals 

Objectives;      To  perform  autopsies   on  animals  dying  at  the  National  Zoological 
Park,    examine  these  for  cancerous  lesions,   and  prepare  tissues  for  compar- 
ative microscopic  study  with  human  cancer. 

Methods ;     A   thorough     autopsy,   usually  includiiig  the   C,  N,   S,,   is  performed, 
and  the   tissues  prepared  in  preserving  fluids  for  later  sectioning  and 
microscopic   examination.      Wet  tissues  and  slide  are  retained  in   storage  for 
future-  reference  by  the  staff. 

Major  Findings;      The  incidence  of  cancer  in  a  selected  captive  wild  animal 
population.      Thetynes   of  can,cer  are  quite   similar  but  id-th  notable  exceptions, 
i.e.    the  lack'  of   cancer  in   the   t-'astrolntestinal   tract. 


Significance  to   cancer  research:      The   comparative  histology  of  spontaneous 
lesions   in   ariirials  provides,    through  analogy,    a  bacicground  of  inforraation 
which  is   valuable  for  the  interpretation  of   experimentally  produced  lesions 
ifi   laboratory  anLnals.      Through  analysis  of  such   spontaneous   lesions  many  of 
.-.'hich  are  in   less   cornlex   for/fi  of  animal   life,    reasoning  as  to   their  inception 
is  sometimes  made  easier. 
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Cancer  in   dors 

To  dia[;nose  and  follow-up  spontaneous   tumors  in  dogs   through  clinical 
records,   autopsj^  material  and  bio:-)si  as  sent  in  by  mail  or  received  through 
pergonal   contact  T^D.th  local  veterirarians. 

Methods:      Wet  tissues  arc  received  and  processed  in  the  laboratorv  and 


diagnoses  are  submitted  to  the  contributor.      Tlxis  is  done  in  return  for 
clinical  histories  and  annual  follow-ups  on  biopsied  cases  from  the 
contributors.     Approximatelv  75  tissue  biopsies  and  autopsy  cases  are  received 
per  year.  , 

Sigjiificance   to  cancer  research;      Generally,   cancer  in  dogs  closely  resembles 
human   cancer  both  histolopically  and  biologically;    however,    certain  important 
differences  have  been  noted  which  emphasize  that  histological  evaluation  of 
certain  tumors  is  not  consistent  with   experience  in  human   cancer  of  similar 
type,     oince  there  are  some  important  biological  variations  in   cancer  among 
dogs,    evaluation   of  experimentally  produced  tumors  in  dogs   is"  more  secure 
when  a  sound  knowledge  of  their  natural  behavior  is  known. 
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PROJECT  DESCRIPTION 

Objectives; 

1.  To  gain  basic  information  on  biologic  aspects  of  cancer,  using  pulmonary 
tumors  as  a  tool  in  this  endeavor, 

2.  To  gain  information  regarding  the  etiology  and  pathogenesis  of  human  lung 
cancer,  and  to  determine  the  carcinogenicity  of  various  substances  sus- 
pected as  etiologic  agents  in  human  pulmonary  cancer.  This  requires  finding 
a  method  for  producing  similar  tumors  in  animals. 

Methods ; 

1.  Biologic  studies  have  been  done  using  tumor  transplantation  and  genetic 
techniques, 

2.  The  search  for  an  experimental  neoplasm  similar  to  human  bronchogenic 
carcinoma  has  used  threads  coated  with  methylcholanthrene,  embryo 
transplantation  techniques,  and  the  intratracheal  administration  of 
beryllium,  the  last  in  collaboration  vjith  Dr.,  A,  W.  Hilberg,  (These  are 
the  major  techniques  by  vihich  bronchogenic  tumors  have  allegedly  been 
produced  experimentally).  Other  studies  have  employed  inhalation  or 
intratracheal  administration  gf  chronates,  (in  collaboration  with 

Dr.  Anne  M,  Baetjer,  Johns  Hopkins  University)  and  the  preparation  and 
intratracheal  administration  of  cigarette  smoke  condensates,  Histocheraical 
technioues  have  been  used  on  hum^n  trachea  and  bronchus. 
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Ha.jor  findings; 

1,  Histological  findings  on  nearly  all  of  the  .experiments  have  been 
delayeci  by  the  illness  of  the  principal  investigator  for  the  past 

7  months.  Experiments  on  tlie  relation  of  size  of  tumor  to  biologica:}. 
behavior  have  been  completed  and  the  gross  data  are  in  the  hands  of 
the  statistician.  It  is  tempting  to  record  the  gross  results,  but 
perhaps  more  prudent  to  wait  until  microscopic  studies  are  completed. 
In  a  study  of  the  sarcomatous  transformation  of  the  mouse  pulmonary 
carcinomaj  approximately  19  tumors  are  now  in  the  first  to  ninth 
transplant  generations ^  but  complete  sarcomatous  transformation  has 
not  yet  occurred  in  any  of  these  tumors. 

2,  Insertion  of  hydrocarbon  coated  threads  in  the  submucosa  of  the  trachea 
of  mice  has  been  imsuccessful.  No  tumors  have  been  produced  in  rats, 
hamsters,  or  guinea  pigs  with  this  technique,  although  about  half  of 
these  animals  are  still  living.  Carcinogen-coated  threads  inserted 
through  the  lungs  have  produced  tumors  (sarcomas)  in  mice  as  reported 
last  year;,  Three  of  four  similarly  treated  hamsters  have  shown  tumors 
at  autopsy.  None  of  the  rats  or  guinea  pigs  have  shown  tumors,  but  a 
few  rats  and  most  of  the  guinea  pigs  are  still  alive.  With  embryo  lung 
transplant  techniques ,  using  methylcholanthrene  as  a  carcinogenj 

7  sarcomas,  1  squamous  cell  carcinoma,  and  2  adenocarcinomas  have  been 
produced  in  a  total  of  25  such  transplants.  While  this  group  is  too 
small  to  have  any  statistical  significance,  it  is  interesting  to  note 
that  the  only  squamous  neoplasm  was  obtained  with  a  transplant  of  the 
periphery  of  the  enibiyonic  lung,  whei'eas  transplants  of  lung  hilus, 
main  bronchus,  or  trachea  failed  to  produce  such  tumors.  Intratracheal 
beryllium  has  failed  to  produce  tumors  to  date^,  although  it  is  perhaps 
too  early  to  expect  them.  About  55  of  the  original  150  mice  and  23 
of  the  original  100  rats  remain  alive.  The  experiments  at  Johns  Hopkins 
have  to  date  failed  to  produce  bronchogenic  carcinoma  in  mice,  rats, 
guinea  pigs,  or  rabbits*  Cigarette  tar  experiments  were  begun  this  year. 
Tar  was  prepared  from  unfiltered  cigarette  smoke,  as  well  as  from  smoke 
filtered  through  silica  gel,  or  through  tobacco.  Paradoxically,  the 
yield  of  tar  was  essentially  the  saire,  whether  or  not  filters  were  used. 
When  the  tar  was  administered  to  mice  intratracheally,  it  v/as  found  that 
the  highest  non-lethal  dosage  was  about  0,5  mg.  Since  these  injections 
can  only  be  given  about  every  k   weeks,  a  mouse  would  receive  only  6.5  mg. 
of  tar  per  year  with  this  technique,  and  this  dosage  would  not  constitute 
an  adequate  test  of  the  carcinogenicity  of  this  material.  It  was  thought 
that  nicotine  might  be  the  most  toxic  conponent  of  these  tars,  so  an 
attempt  was  made  to  desensitize  a  group  of  mice  to  nicotine.  After  11 
weeks,  only  20  of  the  original  121;  mice  were  still  alive,  and  these 
animals  showed  no  increase  in  tolerance  to  the  cigarette  tar.  In  addition, 
13  embryo  lung  transplants  were  performed  using  cigarette  tar  as  a 
"carcinogen".   To  date,  no  tumors  have  resulted  and  11  animals  are  still 
living.  'Awhile  it  is  too  early  to  evaluate  this  experiment,  it  is 
approaching  the  point  of  showing  a  significant  lack  of  carcinogenicity 
of  this  tai-.  Histocheraical  studies  on  human  material  have  been  un- 
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i-^Bwarding  to  date,  because  of  autolysis  in  the  two  cases  studied, 

' •  "'/-^^--icance  to  Cancer  Research : 
' 7  Study  of  ths  relationship  of  tumor  size  to  "transplahtability  is  a  problem 
in  the  fundar:iental  nature  of  malignancy.  Definition  of  the  exact  point, 
at  vhich  benignity  becomes  malignancy  would  sharpen  the  focus  for  further 
biological  and  biochemical  studies.  Study  of  the  origin  of  sarcoma  cells 
is  likewise  of  fundamenttd  importance.  If  they  are  found  to  be  derived 
from  host  stroma,  this  would  be  a  demonstration  of  the  induction  of 
malignancy  by  another  malignancy,  a  new  concept  in  cancer  research  which 
would  have  far-reaching  importance  if  true.  The  other  experiments  per- 
formed in  this  project  represent  a  more  direct  attack  on  the  human  cancer 
prcblem,  Bronchogenic  carcinoma  is  now  in  many  areas  the  commonest 
malignancy  of  men,  and  seems  to  be  increasing  in  frequency,  Iteiny  laboratories 
throughout  the  country  are  engaged  in  the  search  for  etiologic  agents  but 
all  of  this  work  is  seriously  hampered  by  the  lack  of  a  suitable  test  object. 
Thus  we  have  placed  much  emphasis  on  trying  to  produce  an  analagous  tumor 
experimentally.  Simultaneously  we  have  studied  the  effects  on  experimental 
animals  of  two  substances  which  have  been  implicated  in  human  neoplasia, 
namely  cigarette  tars  and  chromates.  Though  these  are  but  two  of  the  many 
suspected  etiologic  agents,  they  at  least  represent  a  part  of  the  attack 
on  the  vast  problem  of  human  Ivmg  cancer. 

Proposed  course  of  the  project;  Most  of  the  experiments  outlined  above  will 
be  continued  as  indicated.  The  problem  of  the  toxicity  of  cigarette  tars 
will  be  e>;plored  further,  and  other  techniques  will  be  employed  in  an 
attempt  to  "desensitize"  the  animals.  The  toxicity  of  filtered  smoke 
condensates  will  be  compared  with  that  of  unfiltered  products.  Studies 
with  embryo  lung  transplants  will  be  expanded,  and  an  attempt  will  be  made 
to  trace  the  cell  of  origin  of  the  squamous  cell  tumors,  I-tore  embryo 
lung  transplants  will  be  done  with  tobacco  tars  as  a  carcinogen.  Also 
more  mice  will  be  given  intrapulmonary  carcinogen-coated  threads,  with 
refinements  in  techniqrte  designed  to  avoid  production  of  subcutaneous 
sarcomas.  Continuation  of  the  collaborative  experiment  with  Johns  Hopkins 
is  of  course  dependent  upon  renewa.1  of  the  PHS  grant  (C603),  to  support 
the  animal  work,  as  only  the  pathologic  studies  are  done  in  Bethesda. 
Another  collaborative  study  with  the  Environmental  Ifealth  Field  Headquarters, 
Cincinnati,  will  be  beguji  about  March,  1955.  This  study  will  be  concerned 
primarily  with  the  water  insoluble-acid  soluble  fraction,  which  has  been 
implicated  in  the  PHS  monograph  on  chromates,  and  which  has  not  been  tested 
separately  in  the  studies  at  Jolms  Hopkins.  The  Cincinnati  group  is 
preparing  the  fractions,  and  the  intratracheal  injections  will  be  done  here 
in  Bethesda.  Another  collaborative  study  has  been  planned  with  i'ledical 
Director  Randall  B.  Haas,  U.  'S.  rublic  Health  Service  Hospital,  Itoihattan 
Beach,  to  investigate  other  possible  mechanisjns  of  pulmonary  carcinogenesis. 
These  e:qDeriment3  will  include  intratracheal  administration  of  carcinogenic 
hydrocarbons  adsorbed  on  carbon  particles  to  tuberculous  and  ncn- tuberculous 
animals,  to  determine  the  lipoid  solvent  effect  of  caseous  necrosis. 
These  ex]:.eri,nar(ts  will  also  include  studies  on  certain  enzymes  which  have 
been  reported  to  cause  squamous  metaplasia  of  bronchial  epithelium  in  humans. 
The  animal  work  in  tiese  experiments  will  be  done  at  Manhattan  Beachj  we 
will  perform  the  histopathological  studies* 
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(Medical  Director  Randall  B,  Haas,  Clinical  Director)  for  experiments  on 
aerosol  enzyrnes  and  carcinogens  adsorbed  on  carbon  in  tuberculous  and  non- 
tuberculous  animals. 

Dr,  A,  W,  Hilberg,  Laboratorjr  of  Pathology,  National  Cancer  Institute, 
collaborator  in  intratracheal  beryllium  studies. 
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PUS  Grant  C603,  providing  funds  to  Dr«  Aiine  M,  Baetjer,   Department  of 
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PROJECT  BEPORT  rOI?M  (Cont'd] 


10.  '>fJ'^  _ 
SERIAL  NO, 


Page  2 


n.  BUDGET  DATA: 


n  1955 


ESTIMATED 
EXPENDITURES 


^f¥H3 


BUDGETED  POSITIQKS 


PROP  J  msm 


A     / 


TOTAL 


I 


«,^MAN  MBARS 


3 


ml 


^ 


^ 


onssi 


1^ 


"f^AL 


PATIENT 
DAIJi 


n  1956 


O 


12.     BUDGET  ACnvITY: 


RESEARCH 

REVIEW  &  APPROVAL  [J 


TCCHKICAL  ASSISTANCE  [J 


13^  COOPERATING  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  ORGANIZATIONS/ PRO-  ' 
VIDING  FUNDS.  FACILITIES,  OR  PERSONNEL  FCR  THIS  EROffiCT  XH  EITHER  1955  or  195^ 


None 


V^,     IF  TEHS  PROJECT  RESEMBLES^  CCMPIEMEN^^  CB  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  ( WITHOUT  INTERCHANGE  OP  PEKSOWNELs  FACILITIES  OR 
FUNDS ) ,  IDENTIFY  SUCH  RESEARCH : 


Not  to  ray  1-cnowledge 


PROJECT  REPCR1!  fom  (Cont'd) 


Page  3 


SBRIAL  NO. 


Uo,     PUELICATIOI^  OTESR  THAH  ABSTRACTS  FRCM  THIS  PROJECT  BURIN6  CALEHDAR  YEAR  \^9^x 

"Mitochondrial  changes  in  hepatic  cells  of  X  irradiated  mice" 
by  Ross  0.  MacCardle  and  Charles  C»  Congdon,  submitted  in 
195U  to  Editors  of  American  Journal  of  Pathology, 


17. 


HCatCKS  AKD  AWARDS  TO  PSRSOMNEL  RELATINQ  TQ  THIS  PROJECT  IXIRIRG  CALENDAR  YEAR 


None 


PAOB  1 
FROOECf  SEPCKT  FORM 


I.   Natiinal  Cancer  Institute      2.  Laboratory  of  Pathology 

iNsfifDro -»-..-     r'rnmTmY  m  mAscu    — ^ 

3.  Cancer  Induction  &  Pathogenesis  1^^      Bethesda,  Maryland        ^f^tc/^'X^^^ 

^        ----...-^    ______    __  gm35rr 


SEICTION  OR  SERVICE  ^"""^        I^Mm  (IF  OTHER  THAW  BETHE8t)Ar      ^ERIAL  MO 


6.   «The  skin  of  zinc  deficient  animals'* 
PRdteCT  TITLE — ^ 


7,  Dr«.  Ross  C«  MacCardle 

PRINCIPAL  INVES|Ji6aTQR(8) 


8. 


OTpR  INVESTIGATORS 


9.  PR<!>JECT  DESCRIFTKM 

Project  titles  "The  skin  of  zinc  defieient  aniHials«9 
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as  dictyosomes  (rods)  at  3  days  following  transplantation  when  the  transplant 
is  not  fully  vascularized,  and  in  compact  as  a  small  juxtanuclear  network  at    ■* 
6  days  after  transplantation  when  it  is  fully  vascularized  highly  active  in 
respect  to  rate  of  growth  and  mitotic  division.  Its  cells  poasess  little  iron 
and  are  rich  in  calcitim  and  magnesium  at  3  days  aifter  transplart,  wherea.s  at 
6  days  the  ttimor  is  rich  in  iron  and  relatively  poor  in  calcium  and  masmeslurri» 
T  believe  that  it  grows  best  when  transplanted  in  skeletal  muscle  such  hs  tnat 
of  the  thigh,   I  have  also  studied  the  basophilic  material  tn  rrrleooroteinsj  jf 
this  tuJBor  in  transplants  derived  from  tojiior  mash  left  staadi'jr.  I'or  <s\::i'FTcr,t 
period  of  time  after  prepaiation  from  the  donor. 
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National  Cancer  Institute      g.  _  Laboratory  of  Pathology 


Cancer  Patholog:>^  Section I4..     Bethesda,  I-'Iarylai]d  5  l-r/    <"/ a 

SECTICSi  CS  SSKVICE  LOCATXON  (iP  01^  THAN  BSTHESDA)'  'ssRIAL  NO 


"The  Biologic  mechanisnis  of  Kalignancy  in  nan,  and  their  alteration  by 
PROJECT  TriLE   tfterape-a^ic  agents,  stuaied  witn  sponge  minx  tissue  cul^iire. 


Dr,  Joseph  Leighton 
PRIKCIPAL  INVESTIGATCETsT 


[ra  ?Iline  (Laboratory  of  Cherrdcal  Pharmacology), 


CXTHEP.  H^n'ESTIGATORS 


PROJECT  DESCRIPTION 

Project  title;  "The  Biologic  mechanisros  of  malignancy  in  man,  and  their 

alteration  by  therapeutic  agents,  studied  with  sponge  matrix 
tissue  culture." 

Objectives; 

1,  Gxiltivate  tvunors  from  the  operating  room  to  observe  the  extent  of 
differentiation  in  vitro  as  a  supplementary  aid  to  the  evaluation  of 
sections  made  of  biopsy  and  autopsy  material, 

2,  Develop  stable  subculture  of  human  ti;jnor  cell  lines  whenever  possible 
so  that  a  variety  of  types  of  such  cells  may  be  available  for  study, 

3,  Study  some  of  the  mechanisms  of  the  malignant  process  with  combinations 
of  tumor  and  normal  tissue.  Place  emphasis  on  the  factors  which  may 
alter  the  growth  of  the  tumor  into  the  normal  tissue, 

U,  Establish  a  screening  program  in  which  chemical  agents  will  be  tested 
against  many  kinds  of  human  cancer. 

Methods  employed;  Sponge  matrix  methods  for  tissue  culture  will  be  used  in 
this  work. 
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Major  findings; 

1,  Tissue  culture  studies  oh  the  destructive  invasion  of  normal  tissues 
by  cells  of  a  human  cancer  (strain  HeLa)  have  been  extended. 

The  tumor  has  been  seen  to  invade  the  cells  of  the  human  uterine  vail 
as  well  as  into  several  embryonic  tissues  including  heart,  brain, 
lung  and  bone, 

2,  Variations  of  sponge  matrix  methods  have  been  developed  which  permit 
the  screening  of  chemical  agents  on  tumor  cells  invading  normal  tissues, 

3,  In  intimate  collaboration  with  the  Laboratory  of  Chemical  Pharmacology 
the  action  of  a  chemical  agent,  #3022,  a  podophyllin  derivative  on 
combined  cultures  of  normal  and  cancer  tissues  has  been  studied  at 
screening  levels  as  well  as  with  methods  permitting  more  detailed  study. 

Significance  to  cancer  research!  Proposed  anti-cancer  drugs  may  be  tested 

in  a  situation  where  a  human  cancer  is  actively  invading  and  replacing 
nor:nal  tissue.  Invasive  phenomena  previously  not  observable  iinder 
experimental  conditions,  may  now  be  sti;idied  and  the  effects  of  drugs 
on  the  malignant  process  itself  may  be  seen. 

Proposed  course  of  project; 

1,  In  close  collaboration  with  the  Laboratory  of  Chemical  Pharmacology, 
potential  chemotherapeutic  agents  will  be  examined  in  systems  where 
tumor  cells  are  actively  invading  normal  cells,  and  evidence  of 
alteration  of  the  malignant  process  will  be  sought, 

2,  Studies  on  the  physiology  of  invasiveness  will  be  extended. 

3,  The  search  for  methods  of  growing  human  cancers  readily  in  vitro  will 
continue.  Should  the  growth  of  human  cancer  in  tissue  culture  be 
accomplished  routinely,  we  may  be  able  to  aid  in  the  selection  of  the 
drug  of  choice  of  the  patient. 
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PUNDS),  HEHnW  SUCH  RE^ARCH: 


No  similar  research  is  known  to  be  in  progress  elsewhere. 
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16.     PUELICATIOIS  O^SER  fHAH  AES'uUcJsl.RG^  £^£IS  PROJECT  DlSBvS  CAI^IiDAR  YE;«l95irr 

1,     Leighton,  J.j     The  growth  patterns  of  sorae  transplantable  animal  tumors 
^  in  sponge  matrix  tissue  culture,     J.  Nat,  Cancer  Inst,  15:  19Sh» 

¥'■■ 

''"     2,  Leighton,  J,:  Studies  on  human  cancer  using  sponge  matrix  tissue  culture, 

I,  The  gro'i-ith  patterns  of  a  malignant  mslanoma,  adenocarcinoma  of  the 

parotid  gland,  p^^illarj^  adenocarcinoma  of  the  thyroid  gland,  adenocarcinoma 

of  the  pancreas,  afB3  epidermoid  carcinoma  of  the  uterine  cervix  (Gey's  He  La 

Strain),  Texas  R^pofts  on  Biol,  k   lied.  (In  press),  195U. 

.  3»  Leighton,  J.,  and  Kline  I.:  Studies  on  hviman  cancer  using  sponge  matrix 
tissue  culture,  II,  The  invasion  of  connective  tissue  by  carcinoma 
(Strain  HeLa),  Texas  Reports  on  Biol.  &  Ifed.,  (In  press),  1951^, 


W'    eq::ors  ai.t)  awarbs  to  pessc::aSl  nELkTim  to  ehis  fboject  DURim  cAismm  year 


Talks,  by  invitation: 

A,  Gordon  Cancer  Conference,  Sept,  2,  195li. 

B,  Oak  Ridge  National  Laboratory,  Nov.  18,  19$h, 
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"Effect  Cx  neor>lastic  diseases  and  of  x'ario-iiE  stresses  on  the  Patbonh-'^iclof^'' 

PROJECT  THIS  ^  ^  ^  ^—^ ' — ^ 

of  cert/ain  endocrine   organs  in  man  arjd  in  animals," 

£.  !'.     ":"adel    (see   .fl^   fo"-"  acditicnal  infomaticn)   

PKUv'CIPAL  E^-ESTIC-ATCSlS] 


(see  ;7l3  tcr  additional  inf or.~iaticn) 


OTEEF.  IIWESTIGATC3iS 


PROJECT  DESCRIPTICSf 

Project  title;      "Effect  of  neoplastic  disease  arid  of  various  stresses  on  the 
pathophysiology'-  of  certciin  endocrine  organis  in  man  and  in  anirjals." 

lIIiCP'IPTIOI!;      The  present  project  title  includes  two  smaller  projects 
previously  described  as  follc^.-rs: 

(a)  Role  of  ascorbic  acid  in  the  metabolisin  of  tanor  bearing,  stressed  and 
norr^l  animals, 

(b)  Identification  of  steroid  hcrir.ones  in  the  tissues,  blood  and  urine  of 
stressed  and  tumor  bearing  anirals. 

The  present  project  includes   the  above  studies  as  well  as  the  application 
of  such  studies   to   clinical  medicine. 

Objective;    (l)    To  define   the  ciiemical  structure,   biologic  nature  arid  physical 
prooerties  of  specific  corticosteroids  and  ketosteroids 
present  in  the  "tissues  blood  and  urine  of  normal,  stressed 
and  tumor-bearing  patients  and  guinea  pigs, 

(2)  To  establish  methods  for  the  quantitative  measurer.ent  of  such 
steroids  as  an  aid  in  the  studj--  of  the  development  of  tumor 
growth  ind  the   co-orse  of  the  neoplastic  disease  in  man  and  in 
guinea  -pigs, 

(3)  To  correlate  the  pathophysiological  findings  with   the  r.oiphclogical 
findings  in   the  tissues  in  man  and  in  guinea  pigs, 

(i;)   To  study 'eHO  metabolism  as ^  influenced  by  specific  steroids  in 
guinea  pigs. 


( PLEASE  ADD  SHEEK  AS  KECESSARY  FCR  CC2?TINUATIC2I) 
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V*     Project  Description  (Cant. ) 

Methods ;      (The  term  stress  is   used  in  its  widest  concept  for  the  purposes  of 
thj.s  project,  and  includes,  dietary  deficiency  and  excesses  as  stresses, 
hormonal  excesses  and  deficiencES  as  stresses,  x-ray  irradiation  effects, 
stress  by  phj-sical  and  microbial  agents,   carcinogens,  and  the  effect  of 
carcinoclastic  and  potentially  carcinostatic  drugs.) 

Stressed  ariirrals,  normal  controls  and  tumor  bearing  animals  are  prepared 
biologically,   and  the   clinical  course  followed.-    lis  sues,   blood,  and  urine 
are  collected  during  the   course  of  the  observation  period  and  at  post-mortem 
e:-:amination,  for  chemical,   histochemical  and  histcpathclogical  study, 
Si-rtraction,  purification  and  analj-sis  are  done  by  specific  applications  of 
chromatographic  and  spectrophotometric  methods. 

I-iajor  Pindings; 

a.  A  neiv  series   of  corticosteroids  vTith  more  polar   (and  less  mobile)   chromatographX' 
properties  than  cortisone  has  been  discovered  in  the  urine  of  guinea  rjigs. 

b.  Five  of  these  steroids  h^ve  been  c  rj'-stallissd  and  four  have  been  identified. 

c.  The  three  strongest  reducing  steroids    (of  these  five)  have  been   studied  in 
great  detail  in  normal,    stressed  (see  above)  and  tumor  bearing  guinea  pigs, 
and  an  e>:cretion  pattern  for  these  3  steroids  has  been  found  in  the  urine 
of  tumor  bearing  animals,    that,    in  the  ani:i'jals  studied  appeared  different 
from  all  other  experimental  animals,   with  the  exception  of  aniiXials  exposed 
to  2000  r   (whole  body  radiation).      Oier  300  animals  hiave  been  studied. 

d.  Using  the  techniques  found  -valuable  in  the  extraction  isolation  studies 
in   guinea  pigs,    one  of  these  3    steroids  has  been  identified  and  isolated 
from,  the  urine  of  man.      This   steroid,"  6  ^  hydroxsrcortisol,   is  the  first 
evidence  that  6  ^  hydroxylation   occurs  in  vivo  in  man, 

e.  Other  studies  on  the  role  of  ascorbic  acid  in  metabolism  have  inidcated 

that  scorbutic  guinea  pigs,   despite  a  high  circulating  level  of  glucocorticoids, 
cannot  deposit  glj'-cogen  in  their  livers.     This  defect  remains  despite  the 
administration  of  fructose,  glucose,   galactose  or  alanine, 

f.  Further  evidence  that  ascorbic  acid  is  not  necessarj^  for  the  manufact-'ore 
of  corticosteroids,   come  from  the  isolation  of  Cortisol   (in  larger 
quantities  than  in  controls)  from  the  blood  and  urine  of  ascorbic  acid 
deficient  guinea  pigs. 

g.  Additional  evidence  that  adrenal  steroids  and  adrenal  ascorbic  acid  are 
not  as  intimately  related  metabolically  as  heretofor  suggested  lies  in   the 
finding  of  adrenal  h^roertrophy,  and  decreased  cholesterol  in  the  adrenals 
of  stressed  chicks    (malaria),   in  the  presence  of  normal  or  greater  than 
normal  adrenal  ascorbic  acid. 

Significance  to   cancer  research; 

a.  Tne  presence  of  what  appears  to  be  a  "tumor  corticosteroid  excretion  pattern- 
in  guinea  pigs  suggests  that  there  mia;.^  be  a  similar  pattern  in  man, 

b.  The  presence  of  comocunds  more  polar  than  Cortisol  in  the  urine  of  man  and 
of  guinea  pigs  suggests  that  concl\:isiGns  by  other  groups  on  th^  nature  of  ^ 
the  corticosteroid  e:':cretion  in   cancer  m\ast  be  reevaluated, 

c.  Th£re  is   evidence  that  a  corrolete  series  of  corticosteroids  in  man  has 
been  inadvertently  ignored  by  virtue  of  the  fact  that  the  cormonly  accepted 
procedures  used  for  the  extraction  of  steroids  actually  destroy'-  these  newly 
identified  conpounds. 
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d.  Though  the  procedures  used  in  identif;mig  -Uiese  steroids  are  time 
consuming,   it  mav  be  possible  to  follow  the  course  of  neoplastic 
disease  by  appropriate  study:. 

e.  Conclusions  on  the  role  of  ascorbic  acid  can  only  be  studied  in  primates 
and  guinea  pigs. 

Proposed  course; 

a,  A  study  of  the  specific  excretion  pattern  of  the  steroids  that  are  more 
polar  than  cortisone  is  under  vsy  in  patients  in  the  Clinical  Center. 
Patients  i-.-ith  neoplastic  diseases  are  available  in  the  cases  currently 
being  studied  at  the  clinical  research  facilities  of  the  NCI,  while 
patients  -.v'ithout  neoplastic  diseases  are  being  made  available  from  the 
cases  being  studied  on  the  Psychosomatic  service  of  the  NE-IH, 

b,  A  continued  study  on  the  effect  of  var  ous  stresses   (see  methods  above) 
is  contemplatedj    on  the  guinea  pigs, 

0.     The   effect  of  various  potentially  therapeutic  agents  on  the  course  of 
cancer  in  the  guinea  pigs  is  being  studied  with  the  hope  of  picking 
up  alterations  in  the  specific  corticosteroid  excretion  patterns 
associated  with  carcinostasis, 

d.     A  continued  study  on  carbohydrate  metabolism  in  the  guinea  pigs  is  being 
p-orsudd  v.dth  the  hopes  of  applying  this  fundamental  knowledge  to  the 
in-vitro  perfusion  studies  that  are  planned  when  facilities  become 
available. 
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L2.     BUDGET  ACTIVITY: 


RESEARCH  ^^ 

REVIEW  &  APPRWAI       £J  _ 


ADMINISTRAnOH     ,  £J 

TECHRICAL  ASSISTAKCE    £7 


COCS'EFLtlTIKG  UNITS  OF  THE  PUBLIC  HSALIH  SEHVICSI,  6R  tTHER  ORGAJIIZATIONS ,  TOO- 
VIDING  FJKDS,  FACILITIES,  OR  PERSCKJiBL  FOR  THIS  PROJECT  HI  EITHER  1955  or  I956: 

In  the  PHi3 

D.  Jajie   Tiiylor,  Chemotherapy  Section,  Lab.   I^op.  ^±s.  lilJ,  PHo 

Dr.  A.   S.  koilajr.  Lab,   of  PatholoQ^,  XCI,   PHS 

I'jrs,  ^.-"ocinsk;,'-  and  Ilr.   Saslaw  of  the  Lab,    Chen,   Fhar-accaogy,  IjCI,   PKS 

Cutside   the  PITS: 

Dr,   5.   Burstein  S:  Dr,  R,   I.  Dorfnan,   '.-J'orcester  Foundation  ii-?i  erimental 
Eiolo^-,  Shre-/;sbur:f,  I-^ass  are  activel;.'-  collaborating  on  certain  chemical 
as-Dects   of  the  project  at  Shrevjsburj-.     Dr.   Burstein  -jas  a  pest  -worker  at 

x-„-.-o    ,'-rT\   -,^v^;,,+Xv^-  -^r-  in  T.— v^':i--  da-'-s  in   July  If^rh.      Close  cc-nsigltation. 
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conferences  and  joint  publications  have  been  agreed  on. 
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PUELICATIOffi  aSSER  1S^  ABSTRACTS  FRm  TEI6  PROJECT  DURI!?5  CALEHIWR  YEAR  i954: 

a.  6  ^h7drox;}''cortisole-a  new  steroid  in  htmart  ixrine   (Burstein,  I^adel, 

Dorfnan  -  Arch.   Bioch,  -i  Biophys.) 

b.  Tube  separator^-  f-'j.ir'l  for  rapid  extraction 

(ijadel  ,and  Hi£-hhouse  -  Chemist  Analyst) 

c.  Corrpo-ond  E  and  c?'"    "gen  deposition  in   the  livers  of  scorbutic  guinea  pigs, 

(IJadel  and  liilay  -  Federation  Proc.   -  presented)  *  ■ 

d.  l!iorpholc2v'  of  adrenal  ::land  and  hydrocortisone  netabolisn  in  stressed 

and  in  tronor  tearing  gxiinea  pigs.    (Kadel,   Burstein  and  Dorfinan  - 
Am.   J,   Clin.   Path.   -  presented.  Inter.   Path,  meeting) 

e.  Interrelationships  cf  liver  glycogen,  deposition,   corticosteroids  and 

ascorbic  acid  in   scorbutic  g'oinea  pigs   (liolay,   Saslaw  and  i.adel, 
J.   Clin,   ihd,) 

f .  Isolation  of  excreted  corticosteroids  in  the  guinea  pig  in  late  scurvy 

(Burstein,  Dorfman  and  i-adel,  Federation  -  presented) 

g.  i; en-parallel-  changes  in  cholesterol  and  ascorbic  acid  in  the  adrenal 

glands  of  malaria  parasitized  chicks   (Taylor,   Josephson,  Greenberg 
and  l.'adel,   J,     Clin,   Sndocrin^  '  ' 

h.     An  influence  of  age  on  the  transplantation  of  leulcemia  from  inbred  to 
non-inbred  guinea  pigs.    (!;adel,  fed.   Pi-'oc.) 

1.     Acceptance  of  a  thesis  hj  L,  IJ,   Saslaw  on  work  performed  vriiile  he  was, 
a  member  of   the  Lab.   of  Path.,    and  the  awarding  of   the  degree  of 
i'-,  w,   to  him  by  the   Graduate  Facult^.^  of  the   Colunbia  College  of 
George  I'.'asnington  University  in  June  195^o 
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195i^: 
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incer  Induction  &  Pathogenesis  l^,^  Bethesda,  Maryland  c  "^^  / 

zTnas  OR  SERVICE  ■  LOCATXCK  (if"other  TEAH  BETBESDA)  's^iAifij?" 


■Effect  of  micrcbi&l  and  other  agents  on  the  development  and  coirrse  of 


^JECI  TIILE- 


nec plastic  disease  in  animals," 
M,  Ncdel  (see  f1;  for  additional  infomiation) 


f.IirciFAL  IIA'ESTIG^vI'CKi.S} 

'ft  #'13  for  additions!  infcrmation) 


2?  H'-'.'estigatdf^ 


i:::t  descpiptisi 

'■^"-t  title:  "Eicfect  of  nicrotial  and  other  agents  on  the  development  and 
covirse  cf  neopl£stic  disease  in  animals." 

:  Jhe   present  project  title  includes  3  sub-projects  gathered  under 

the  projiect  title  of: 


a;  Matual  8Tp^:ctv   of  the  pathophysiology  of  leukemia  and  malaria  in 
•  TTiile,  When  it  b^-an-.e  obvious  that  the  project  on  perfusion  studies  could 
begin  because  of  t-he  adininistrative  uncertainty  of  sp.ace,  facilities  and 
ing  date  to  the  Clinical  Center  laboratories,  2  other  projects  related  to 
vere  undertaken. 

These  projects  incl-jce: 

b)  The  effect  of  certair.  viruses  on  the  course  of  cancer  in  animals  and 

c)  The  mode  of  action  cf  certain  lifing  and  chemical  agents  on  the 
developmient  and  cc-irse  of  cancer  in  animals* 

■•-.-ectivet   (1)  To  explore  tr-ti  activity  of  certain  potentially  carcinostatic 
and  carcinogenic  agents* 

(2)  Tc  explore  certain  iramuno genetic  and  endocrine  aspects  of 
resistance  to  malaria  infection  and  to  virxises  helpful  in  a  study 
cf  the  carcinoEt&tic  ix)tentiality  of  these  microbial  agents. 

(3)  The  node  of  action  of  certain  virucidal  and  malariacidal 
drugs  as  carclrno static  agents. 


(PLEASE  ADD  SHEETC  AS  fiECESSAHY  FCS  CCHTIKUATICai) 
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9.  Project  Descriptions  (cont.) 

M^tfcodst  The  overall  problere  is  studied  ty  the  combined  used  of  ^ecnniques 
in  pathologjs  Bdcrobiology,  hematology,  genetics,  chemical  pharajacolog7 
and  iminunology.  Inbred,  hybrid  and  specific  baekcross  eninals  are 
studied  for  resistance  to  ndcroorganisms  such  as  the  aalaria  parasite, 
neurotropic  viruses  etc.  and  the  effect  of  these  on  the  course  of 
transplantable  tttswrs  is  studied*  Combinations  of  drags  and  of  viruses 
are  studied. 

Major  findings; 

(1)  Guinea  pigs  with  leukemia  lived  significantly  longer  after  they 

vere  experimentally  infected  with  the  virus  of  lymphocytic  choriomeningitis.  (LCIW) 

(2)  Guinea  pigs  made  imnnme  to  the  LCM  virus  were  afforded  no  protection 
wien  the  virus  was  injected  after  transplantation  of  the  tuzaor* 

(3)  Four  drugs  (ethionine,  amethopterin  and  a  purine  and  pyriaddlne 
analogue)  were  studied  to  find  that  dose  at  which  each  individual  drug  was 
ineffective.  Combination  of  these  drugs  at  their  individually  ineffective 
dosages  successfully  prolonged  the  life  of  tuiuor  bearing  mice,  siore  than 
100^  in  con^jarison  to  contr-ols. 

(U)  Repeated  therapy  with  the  combination  of  It  drugs  to  tunsor  bearing 
mice  resulted  in  the  development  of  a  resistant  tumor,  T^is  resistant 
tumor  is  now  being  used  as  a  means  of  studying  tlie  mode  of  action  of  other 
potentially  carcinostatic  drugs* 

Significance  to  cancer  research; 

(1)  A  neurotropic  virus  (LCM¥)  made  relatively  benign  by  repeated  passage 
to  mice  (300  generations)  was  able  to  prolong  the  life  of  leukemic  guinea  pigs 
fi^ora  19  to  over  30  days*  Th®  virus  did  not  of  itself  appear  lethal  to  guinea 
pigs  though  other  strains  of  the  virus  apparently  are,  T^is  increase  in 
survival  is  greater  than  that  previously  reported  from  this  project,  on  the 
inhibitory  effect  of  malarial  infection  on  the  course  of  leukemia  in  mice. 
This  type  of  study  has  therapeutic  implications  for  use  in  man. 

(2)  By  judicious  use  of  a  tumor,  resistant  to  four  different  types  of 
chemotherapeutic  agents,  the  mode  of  action  of  potentially  carcinostatic 
drugs,  with  different  chemical  structure  can  be  studied. 

Proposed  course; 

Attempts  to  enhance  the  duration  of  the  inhibitory  effect  of  the 
microbial  agents  under  study  are  being  made.  These  include  the  judic . 
use  of  hormones,  X  ray  irradiation,  drugs  and  multiple  sequential  iise 
microbial  agents.  The  possibility  of  the  use  of  viral  thei-ary  in  the  1  .rm 
of  the  LCM  virus  for  leukemia  in  man  must  be  considered,  Continured  studies 
on  the  pcsible  similarities  in  the  genetics  of  resistance  in  mice  to  »•:&:,.£,:•  ia 
and  to  leukemia,  and  the  role  of  endocrines  in  such  resistance  are  tmaerkaye 
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Fr~BUDi^rT  ACnvXTY:  Cooperating  personnel  assigned  to  t he  eWf  s  '  of  iSC^een^erg;; 
Chemotherapy  SgC,  Lab.  Trop.  Dis»  MI,  Dr<.  HaaSj,  Office  of  the  D|sS'«lMIg  Dr.  J^ 
Lab.  Aids  Br.,  OD,  ISSSEARCE  M"  jmsmiS^J-Mm  >  £J 

NIH 

REVIEW  &  APPROVAL      £7*  ISOHICAL  ASSISTAWCS    £7 


T'     COCPEBATIMJ  UNITS  OF  THE  PUBLIC 
VIDDrc  RMS,  FACILITIES,  ffi 

Not  to  Hy  knowledge 


SERVICE,  m  OTHER  "»GAHl2m^S7^0- 

im  THIS  raojEC^  IS  ether  1955  ©r  1956: 


j:     IF  THIS  PROJECT  RESEMBLES  j,  CCMPLEMESraS,  CR  PARAUES  RESEARCH  DOM^  ELSFWHEHE 
j        IK  THE  PUBLIC  HEALTH  SERVICE  (WITECOT  IHTERCHAJf(2;  OF  PERSOJKEL,  FACILITIES  CS 
FUNDS),  HfflHTIFY  SUCE  RESEARCH: 


SERIAL  HO. 
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PUBUCATIOKS  OTHER  THAK  ABSIRACTS  mm  THIS  KIOJECT  DlffllHO  fcALEKI*AR  YEAR  195* 

"Effect  of  malaria  on  leukania  in  mice"  (Nadel,  Qj.eenberg,  Coatneyi 

J.  Infectious  Diseases) 
Differences  in  survival  of  several  inbred  strains  of  mice  and  their 

hybrids  infected  with  plasmoditon  berghei  (Greenberg,  N&del,  Coatneyj 

J.  Infect,  Die.) 
Synergistic  inhibitory  action  of  amethopterin  and  a  diarainopjriinidine 

on  leukemia  L  1210  in  mice  (Nadel,  Greenberg j  Cancer  Research) 
Increased  resistance  to  malaria  of  certain  inbred  strains  of  sice,  their 

hybrids  and  backbrosses  (Nadel,  Greenberg,  Coatney  and  Jayj 

Am.  J,  Path.) 


ECmBS  AND  AWARDS  TO  PERSCKKEL  RELATIKg~TO  THIS  FROJ^^CT  DURIlfG  CALEKDAR  mAR" 
195Jt: 
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National  Cancer  Institute      2.        Laboratory  of  Pathology 
DJSTIIUlf  ~      ~LABCSIAT0RY"CS  BRAKCH — ~~~ 


Cancer  Indnction  &  Patho  gene  sis  j^      Bethesda,  Maryland  \  . 

SECTICff  Cf?  SERVICE  -  '  "S^A^^W^^-^r^^^AT  ^'^^^ 


"Use  of  isolated  organ  perfusion  techniq-aes  in  a  study  on  the  pat|iologic 

PROJECT  TITl£  ~~     ° "^ ~ — — ■ — — - 

physiology  of  tumor  bearing  animals." 

E«  K,  Kadel 


FEIIJCIPAL  INVISTiaATCK(S) 
None 


OTHER  IHVESTIGATCaS   '  "     ^ ~~ ~ ~ ~-~ — ^ _— 

PROJECT  DESCRIPTICH* 

Pyoject  title;  "Upe  of  isolated  organ  perftieion  techniques  in  a  study  on  tiie 
pathologic  physiology  of  tumor  bearing  animals," 

Objective;  Study  changes  in  physiology  accompanying  tumor  growth  to  learn 
hov  tumors  divert  ener^  sources  away  from  the  host,  as  a  means  toward© 
the  control  of  tiaaor  growth* 

Methods;    The  perfusion  methods  used  have  been  used  successfully  in  the  hands 
of  Dr*  Leon  Miller^  while  the  micromethods  to  be  tised  have  been  described 
by  Drs.  Scholander,  Kirk  and  Natelson* 

Major  Findings;  This  project  was  begun  in  ^vember  19?3e  There  have  been  no 
findings  inasmuch  as  work  on  this  project  has  been  delayed  by  unforseen 
administrative  circtmstances,  including: 
&.  the  transfer  of  an  assistant  to  another  laboratory, 
b«  inaccessibility  of  suitable  laboratory  space  available 
in  Building  8  and  in  the  Warwick  Clinic, 

c,  the  move  from  Warwick  clinic  to  Building  6, 

d.  the  repeated  indefiniteness  of  the  time  of  the  relocation 
of  the  laboratory  in  the  Clinical  Center, 

Nevertheless  some  gains  have  bean  made  including  a  consultation  with 
Dr,  Miller  of  Rochester  on  the  techniques,  the  development  of  an  incubated  perfusion 
box  after  discussion  with  members  of  the  Instrument  Section,  LAB,  NTH^  tooling 
up  in  terms  of  needed  apparatus,  and  a  review  of  the  pertinent  methods* 

(PLEASE  AIH)  SHEETS  AS  KECE^ARY  FCR  CCHTHraATICM) 
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^«  ^ject  Description  (CSont.) 


It  is  anticipated  that  little  work  can  be  done  on  this  project  •until 
the  principle  investigator  has  vAat  he  considers  satisfactory  laboratory 
space  and  facilities  for  the  project  in  a  permanent  laboratory.  It  is 
believed  that  such  space  and  facilities  may  become  available  by  J^ne  19^5* 
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SUDCST  DATA: 
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BUDGET  ACnvrXY: 


BSSSABCH 

BE7IEW  &  APPRWAL   ^ 


AIHrNKIRATIOK  ,     fj 
TECHNICAL  ASSISTANCE  [J 


COCPERATIKG  Ig?ITS  OF'  THIJ  PUBLIC  HEALTH  SERVICE,  OR  OTHER  Cg^GANIZATlQHS,  PRO- 
VIDIKG  ItlHDS,  FACILITIES,  CR  PERSCSJKEL  FCE  THIS  PROJECT  IK  EITHER  1955  or  I956: 


HOIXB 


IF  'lEIS  PROJECT  RESEMBIES,  CCMPI£MEMS,  ®  PARALI£LS  RESEARCH  DOJE  EISEWEEKE 
IN  TEE  PUBLIC  HEALTH  SERVICE  (WITHOn;  IHTERCHAHGE  CSF  PERSCKJJEL,  FACILITIES  CR 
FUNDS),  nffiNTIFY  SUCH  RESEARCH: 


NO  ENTEIE3  FCR  15,  16  &'"l7 
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1,       Ilational  CancDr  Institute  2n         Laborator;^'-  of  Pathology  ■ 

JH3TITU2E  LABCRATCRr  CR  MARCH      "' "                        — — 

2^   Cancer  Induction  k  Pathogenesis  ^^  Eethesda,  Maryland                          StiC/S'/¥ 

SECTISf  ®  SERVICE                       ~  L0CATIQ5  (IF  OTHER  THAN  ESmsSiy      SERIAL  NO 


6,     "Induction   of  tunors  in  Experimental  animals  and  deterraj-ing  chemical  changes  in 
PROJECT  TITI£  ^g  host  tissue  concomitant  vith  the  growth  of  the  neoplasm." 

-       Dr.  Ambadas  S,  1-^ilay 

miKCIPAL  IHVKTIGASORIS)  ~~ 


8_     Dr.   H.  L,  Stewart,  Dr.  C,   C.   Ccngdon 


OTHER  INVESTIGATCeS 

9.     FROJECT  DESCRIPTICM 

Project  title;      "Induction  of  tumors  in  Sxperiraental  animals  and  determining 
chemical  changes  in  the  host  tissue  concomitant  viith  the 
growth  of  the  neoplasm." 

Objecti-yes;      To  evolve  a  technique  I'lhich  vdll  induce  desired  tumor-like  gastric 
carcinoma  consistantly  in  high  percentage  of  experimental  animals. 

To  correlate  the  chemical  changes  in  the  tissues  of  the  host  with 
the  grovrth  of  the  tumor. 

To  study  the  chemistry  of  the  tumor  tissue,  and  the  effect  of  tumor 
growth  on  the  physiology  of  the  host, 

!-iethods  employed;     Feeding  animals  vath  various  combinations  of  carcinogois  and 
chemical  and  physical  agents  and  observing  the  animals  for  development  of 
tumors.     Microscopic  eKaraination  of  the  tissues  for  lesicsis. 

Chemical  analysis   of  the  tissues  of  the  host  and  of  tumors  for  the 
changes  brought  about  by  the  treatment  and  by  neoplastic  growth. 

^jor  Findings;     increase  of  aldolase  content  of  serim  in  animals  with  induced 
liver  tumors.     Differences  in  the  aldolase  content  of  arterial  and  venous 
blood,    going  in  and  out  of  liver  bearing  induced  tumor.     Differences  in 
aldolase  content  of  hepatoma,  fibroma  and  sarcoma  induced  in  rats. 


(HEASE  ADO  SHEETS  AS  lECESSARY  FOR  CQSTIHUATI08) 
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A  fast  gromng  sarcoma  vras  induced  in  Osbome--MRndel  rats,  at  the 
site  of  injection,  with  1  per  cent  solntion  of  p-diiriethyiaiiiinobenzene-l- 
aso-2-naphthalene,   in  polyethylene  glycol. 

Failure  to  induce  gastric   carcinoma  .in  C57Er  irdce  with  combined 
treatment  of  gallium  citrate  injections  and  jnethylcholsnthrene  feeding, 

Inductian;-of  forestomach  tumors  in  C573R  mice  which  received  9.10- 
diraethyl-l,2-'benzanthracene  in  triton  by  mouth, 

■- ignif icance  to  -iSar^jegrJ-esfearch;  Possible  evolution  of  chemical  laborat^rj'"  method 
which  may  help  in  early  diagnosis  and/or  management  of  specific  neoplasm 
like  liver  tumor. 

Increase  our  knowledge  of  chemical  carcinogenesis  and  tumor  host 
relationships. 
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12.     BUEK^  ACTjmTT 


REVIEW  &  APPROVAL      £7 


ADMIKISTRATIOK  £7 

^GHRICAL  ASSISTANCE    [J 


r<.    coopERATHKj  UKnis  or  im  pubLic  health  service,  o?  other  organisati(»b,  hio- 

VIDIKG  FUSDS,  FACILITIES,  OR  PERSCIIKEL  FOR  tSOS  FROJECT  IN  EITHER  19?5  or  195o: 


None 


lU.     IF  -mis  PROJECT  RESEMBLES,  COMFLEMSJriS ,  (S  PMAIISLS  RESEARCH  DOZ®  ELSE^ffiEIRE 
IK  THE  HJBLIC  HEALTH  SERVICE  (WITHOUT  INTEF.CHA!^E  OF  PERSCKIiEL,  FACILITIES  OR 
FUKDS),  IDEHTIF¥  SUCH  RESEARCH: 

not  to  my  knowledge 


MO  ENTRIES  FOR  15,  I6  &  17 


FAGS  1 
PROJECT  EEPCKT  FCEJ* 


i;£.tional  Cancer  IriEtitute  2.  Laborator;^  of  Pathology 

""akstitote  *~~  LABmATcaRy  cr  brauch     " — 

Caicer  Induction  iSc  Pathogenesis  j^^  Bethesd^,   Maryland  'J^C/^^/C^ 
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,uence  of  nutritional  and  hormonal  factors  on  the  incidence  of  spontaneous 


PROJECT  TITUS       and  induced  neoplasms." 


:>adas  S.   I!-j:lay 

[PAL  IRVESTIGATCSICS) 


Eyestone,  Dr«  -A.   Syrr.eonidiS' 


'OTrlSR  INVESTIGATORS 


PP  ;•  -SCT  DESCRIPTICffl 


:  title ;  "influence  of  nutritional  and  hormonal  factors  on   the  incidence 
of  spontaneous  and  induced  neoplasms." 

Lve:   To  find  nutritional  and/or  hormonal  factor  or  factors,  excess  or 


;k  of  which  will  make  an  animal  more  susceptible  to  tumor  induction, 

-.c-E  Employed:  Feeding  animals  with  high  or  low  concentration  of  the  factor 
cr  factors  to  be  studied  and  observing  the  differences  in  the  incidence  of 
tumors  in  different  groups.  Microscopic  examination  of  the  tissues  for 

lesions. 

Influencing  the  hormonal  changes  in  animals,  with  castration 
irr:lantation  or  injection  of  hormones  and  observing  the  effect  of  these 
■':-estnents  on  the  incidence  of  cancer  and  other  microscopic  changes  in  the 
tissues  of  the  experimental  animals. 

Influence  '^f  low  protein    (6  percait)  Seni-Synthetic  diet 
ccr.taining  0,06  per  cent  p-aimethylaminoazobenzene  on  the  incidence  of 
hepatoma  and  other  lesioas  in  the  female  Osbome-Mendel  rats. 

Influence  of  se^  on  the  incidence  of  hepatoma  in  Osbome- 
"..3idel  rats  fed  0,06  per  cent  p-aimethylam±noazoben2ene  in  semisjTithetic 
aiet  for  lO  weeks. 

Influence  of  methionine,   choline,  protein,  riboflavin,  and 
■>'itanin  B-12  concentration  in  the  diet  on  the  incidence  of  spontaneous  liver 
fjonors  in  C3Hf  mice. 

(H£ASE  Aia>  SHBE2S  AS  HECESSARY  FCE  C0KTIKUATIC2J) 
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SERIAL  NO. 
PEOJIiCT  REPORT  FOR>!  Page  1   (CCS-JTINUATICM) 

Dr.  Ambadas  S,  I-ailay 

Caieraical  analysis  of  the  tissues  for  quantitative  changes  in 
the  factors  under  study,     - 

Ma.ior  findings;     In  Osbome-Mendel  rats  fed  semisynthetic  diet  containing  0,06 
per  cent  p-dimethylaminoazobenzene,   9C  per  cent  of  the  males  develop 
hepatoiTias  but  only  25  per  cent  of  the  females  develop  hepatomas. 
(Percentages  based  on  examination  of  over  100  animals  of  each  sex.) 

Female  Osbome-Mendel  rats  fed  on  low  protein   (6  per  cent 
casein)   semisynthetic  diet  containing  Q,06  per  coit  para-dimethylamino- 
azobenzene,   develop  hepatomas  in  only  10  per  cent  of  the  rats. 

Adrenocortical  carcinoma  vras  obsei*ved  in  about  10  per  cent 
(ij.  out  li2)   female  rats,  18-30  months  old,  which  had  received,  low  protein 
diet  containing  0,06  per  cent  para-dimethylaminoazobenzene  for  i|0  weeks. 

This  adrenocortical  carcinoma  trans^^lants  readily  and  metastasizes 
to  liver  and  lungs.     This  tumor  shows  some,  physiological  activity,   in  as 
much  as  it  depresses  the  groirth  of  the  adrenals  of  the  host, 

Adrenalectomised  rats,   or  animals  treated  T-n.th  desoxj'-corticosterone- 
acetate   (atrophic  adrenal  glands)   do  not  develop  hepatic  tumors  when  fed 
synthetic  diet  containing  p-dimethylaminoazoberzene. 

Not  enough  data  on  mice  experiments  to  draw  anrr  conclusions. 

Significance  to  Cancer  Research:     Knowledge  of  environmental  factors  influencing 
tumor  groirbh  nay  give  us  sorne  clues  in  themBnagement  and  control  of  cancer. 
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RESEARCH 

REVIEW  &  APEROVAL       [J 


AI1MIHIS2RATI0H  ■  £J 

•iECERICAI-  ASSISTAHCE    [J 


COOPERATDKr  WHS  OF  OHE  PUBLIC  HEALTH  SERVICE,   Cff?  OEEER  CfflGANIZATICSS ,  FRO- 
VIDIKG  RJHDS,  FACILITIES,  CK  ISRSOffiEL  FCE  THIS  PROJECT  IK  EITHER  1955  or  I956: 

Kcffie 


4^  IF  THIS  PROJECT  RESEMBLES,  CCI^'LEHEKTS,  CE  PARALLELS  RESEARCE  DONE  ELSEWHEFE^ 
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ZaSB.  IKn-ESTIGATORS 


PROJECT  DESCPIPTIOK 

l-Yoject  title t  ^^Indtjction,  Pathogenesis  and  Morphological  Alteration  of 
Turaore  Arising  in  Bone"« 

Objectjyes:   The  objective  of  this  project  is  to  develop  a  method  of  producing 
bone  tumors  in  animals  which  are  similar,  laorphologically,  to  those  in 
man  and  to  study  the  sequence  in  events  irtiich  lead  to  tumor  production 
or  alteration  in  ttunors  already  developed. 

Methods  employed^  Experimental  laethods  will  vary  with  the  difference  in 
fe-iinal  species,  difference  in  turaor  type,  or  difference  in  specific 
objective,  i,e,  study  of  pathologenesis  or  urarphological  alteration. 

In  general:  rabbits,  rats,  mice  and  dogs  have  received  injections  of 
beryllium  oxide  by  various  routes  such  as  intravenous,  intraperitoneal, 
intramedullary,  or  introtracheal.  At  intervals,  following  injection, 
blood  serum  phosphatase  determinations  and  skeletal  surveys  by  X-ray 
examination  have  been  cfcne  where  applicable.  All  tissues  from  animals 
dying  during  the  course  of  the  experiments  s^  -e^asiined  grossly  and 
representative  tissue  sections  made  for  microscopic  study.  In  addition 
X-ray  examination  is  done  on  major  bones  and  bones  suspected  of  bearing 
tumor, 

In_tiie  instance  of  study  of  alteration  of  bone  tumors  serial  transplantation 
of  spontaneotisly  developing  osseous  tumors  is  carried  out.  Transplantation 
of  tunror  tissue  into  various  tissue  sites  is  done  and  after  the  turaor  has 
grown  to  soffictent  size  of  the  tumor  and  site  of  transplantation  are 
carefully  examined  ^  microscopic  study  of  tissue  sections.  St"adies  are 
being  conducted,  primarily,  of  bone  tumors  transplanted  to  liver,  kidney, 
(PLEASE  AK>  SHEETS  AS  SECESSAEY  FCK  CCBJTINUATION) 
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subcutaneotis  tissue  and  the  peritoneal  space. 

Selective  transplantation  of  an  ovarian  teratome  (Fekete),  This 
transplantable  tumor  in  isice  contains  elements  of  all  three  germ 
layers.  By  selective  transplantation,  i.e«  attempting  tc  ;  ick  ptire 
areas  for  transplantation,  an  effort  is  being  made  to  sepizat©  the 
various  germ  layer  elements  of  the  tuiaor  to  see  whether  or  not  they 
will  grow  independently  and  whether  or  not  each  element  is  a  malignant 
neoplasm  ty  itself.  The  bone  developed  in  this  laanner,  does  not  appear 
to  be  nsalignant  neoplastic  tissue  but  it  does  grow  in  transplant* 

Major  findings;  The  experiments  ;5^ist  described  have  not  been  carried  to 
a  final  conclusion.  To  date  a  lymphoma  and  osteogenic  sarcoma  have 
developed  in  2  rabbits  injected  wi"Ui  berylliumj  a  bone  tumor  has 
developed  in  a  mouse  injected  with  beryllitaa  12  months  previously, 
and  this  tumor  has  been  carried  successfully  in  serial  transplante 

The  experiment  having  to  do  with  moz*phological  alteration  of  bone 
tumors  is  essentially  con^sleted.  Only  a  few  animals  remain  to  be 
examined.  The  final  report  of  the  results  is  in  preparation. 

A  survey  of  spontaneous  bon®  tumors  in  mice  has  been  completed  to  date. 
T^e  preliminary  report  was  given  in  an  abstract  entitled  "Osteogenic 
Sarcoma  of  Mice"  piiblished  in  the  Proceeding  of  American  Association 
for  Cancer  Research,  Vol,  1,  April  195U,  page  20j  also  in  a  talk  given 
to  the  American  Association  for  Cancer  Research  in  April  19Sh*     A  final 
draft  of  the  results,  in  mare  corsgjlete  form,  is  in  process. 

Work  with  the  ovarian  teratoma  has  progressed  to  a  point  at  which  it  is 
possible  to  obtain  large  areas  of  the  tumor  ifeich  will  be  composed  of 
specific  elements  such  as  bone,  squamous  epithelium,  and  melanomatous 
tumor.  Father  sepsration  of  these  eleiasnts  is  believed  possible  and  the 
study  of  the  malignant  potentials  of  each  element  will  then  be  possible* 

Significance  to  Cancer  Researchs 

Bone  tumors  are  said  to  be  among  the  three  most  common  malignant  neoplasms 
in  children.  These  tumors  develop  at  all  ages  and  represent  a  major 
disaster  to  the  patient  since  cures  are  extremely  rare  and  treatment 
is  usually  mutilating.  Attempts  to  learn  more  about  the  development  of 
bone  tumors,  including  contributing  factors  to  development  and  the 
biological  and  morphological  behavior  after  developmeat,  can  give 
valuable  information  toward  an  ultimate  goal  of  prevention,  treatment 
or  cure  of  these  tumors.  T^e  information  gained  concerning  specific 
substances,  such  as  beryllium,  which  produce  bone  tumors,  may  be  of 
value  because  of  the  industrial  uses  of  beryllium  and  its  compounds. 
This  information  may  have  direct  implications  to  human  tumor  development. 
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Proposed  course  of  projects 

ThC  continuation  of  the  study  of  the  amiuals  injected  witii  beryllium 
oxide  in  the  manner  prescribed  will  be  of  prime  interest.  The  phases 
of  the  project  concerned  -with  alteration  of  the  aorphology  of  bona 
tumors  vill  be  completed  and  it  is  hoped  reported  in  full.  The  reports 
of  the  spontaneous  tumors  will  also  b«  consisted.  New  tumors,  as  they 
arise  trill  be  studied  and  added  to  the  series* 

Since  the  project  director  has  increasing  duties  to  the  Pathologic 
Anatony  Branch  as  Head  of  the  Cytodiagnosis  Section,  a  gradual  curtailment 
of  research  projects  as  listed,  is  anticipated.  Collaboration  in  the 
beryllium  studies  with  Dr»  Steffee  will  continue  as  described  bj  Dr*  Steffee^ 
and  all  studies  pi-esently  in  progress  will  be  carried  to  a  proper 
conclusion. 
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NoBO 
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Pathological  Technology  Section 

PROJECT  TITLE 


IfaTo  Je  M>  Albrecht 

PRUJCIPAL  IHVESnGATOR(S) 


OTHER  INVESTIGATORS 

PROJECT  DESCRIPTION 

Stained  tissue  sections  are  the  ftrndamental  basis  of  all  clinical  and  ez~ 
periiaental  studies  of  cancer.  The  section  prepares  histological  sections  for  all 
the  investigators  of  the  National  Cancer  Institute.  It  makes  available  all  the 
established  routine  and  special  stains  and  in  addition  develops  and  provides  the 
current  experimental  methods  of  tissue  preparation  such  as  enzyu^  stains  and  specific 
histochesdcal  stains* 

January  1,  19Sh  -  Deceiraaer  31 1  1951t 

Number  of  Investigators... ••.•••.•••*•«•. •*••••••••••••     51 

Number  of  Pieces.... •.•■•••«•••. .<>•••.«. >•••*•*. «••*>«»  103»763 

Number  of  Bottles.. .««•»«»<>«••«•  »«e«««e».ec>...«.....*»*  i3$3yy 

Number  of  Blocks • >.. •••• «  Sh»%l 

Blocks  cut  SeiTially. .•.•«*••..«..«.♦»»*«•*••»•••••  •»•••    ^-Si- 
Frozen  Blocks  cut  •»,  •..«...•.«•.»»•»•*..•.••••••»•••••♦•    oOti. 

Nujsfcer  of  Autopsies. ••••••». ...•.•••••••••••♦••••••••••  13j6ll 

Number  of  Recuts. ••»♦••..*•*»•». •»»•••••••••*•••*•••••*  ^fjoy 

Number  of  Slides  stained  H  &  E.». 67,35U 
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3.     C00PERATII4G  UKITS  OF  THE  PUBLIC  HEALTH  SERVICE,  CK  OTHER  CKGAHIZATICSSp  H?0- 
VIDIKG  FUNIS,  FACILITIES,  m.  PERSC2IREL  F(B  ISIS  PROJECT  IH  EITHE21  1955  or  1956: 


Y,     IF  THIS  HJOJECT  RESS^LES,  CCI=iPI£!4E3{I5 ,   CE  PARALLELS  RESEARCH  DCiiEELSSI«ERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  IHTERCHA^SE  OF  PEI^CMffiL,  FACILITIES  CS 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


NO  ENTRIES  FOR  15,  I6  &  17 
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Mechanism  of  binding  of  £-dimethylaminoazobenzene  to  the  liver  in  the  pro- 
6.    duction  of  hepatic  tumors. 

PROJECT  TITLE  ~~~" 


7.  Julius  White 

PRIKCIPAL  IMVESTIGATCR(S> 


8. 

OTHER  nfVESTIQATORS 


9.     PROJECT  ISSCRIPTIOM 

Objectives;     To  determine  the  pathway  of  binding  of  g-dimethylaminoazobenzene 
to  the  liver  protein,  which  ultimately  leads  to  primary  cancer  of  the 
liver  in  rats. 

Methods  Employed;     Ihe   synthesis  of  N^^  labeled  intennediates  of  £-dijnethyl- 
aminoazobenzene j   the   administration  of  these  intermediates  to  ratsj  the 
determination  of  the  utilization  and  the  distribution  of  the  inter- 
mediates; the  isolation  of  the  protein-bound  con^ioundsj  the  detemination 
of  the   distribution  of  the  N^^, 

Major  Findings;     One  of  the  unique  properties  of  p-dimethylaminoazobenzene 
when  fed  to  the  rat  is  that  tumors  develop  onljy  in  the  liver  and  no  other 
organ.     Furthermore  it  has  been  shown  that  this  carcinogen  combines  with 
some  proteins  of  the  liver  to  form  a  stable  protein-dye  con^lex.     This 
remarkable   specificity  suggests  that  there  is  probably  present  in  the 
liver,  a  protein  which  is  characteristic  for  liver  and  probabljr  not  present 
in  other  organs.     Hence  the  birding  of  the  dye  with  the  protein  results 
in  the  impairment  or  progress  in  the  normal  utilization  of  this  protein, 
leading  to  hepatic  tumor  fomation.     It  is  also  noteworthy  that  the  pro- 
tein-bound <fye  continues  to  increase  for  approximately  one  month  lAen  a 
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maxiDivm  level  is  reached.     Even  though  feeding  of  the  cfye  is  continued 
there  is  a  gradual  disappearance  of  native  dye.     Experiments  have  shown 
that  the  binding  of  the  protein  occurs  with  one  of  the  three  nitrogens 
of  ihe  dye.     In  this  e:q>eriment  we  have  clearly  demonstrated  which  of 
the  three  nitrogens  are  involved  in  this  binding  and  have  indicated 
that  periiaps,   the  disappearance  of  the  protein-bound  dye  is  not  in 
reality  a  disappearance  but  that  part  of  the  dye  is  destroyed  during 
metabolism,   leaving  a  fragment  of  the  dye  attached  to  the  protein.     We 
have  suggested  that  the  carcinogenic  process  proceeds  in  two  steps; 
(p.)     The  direct  combination  of  the  parent  dye  to  the  protein,  and 
(2)     The   cleavage  of  part  of  the   dye  leaving  the  protein-bound  to  a 
phenylene  diamine  product.     That  pei^iaps  it  is  this  latter  protein-bovuxl 
phenylene  diamine  derivative  is  responsible  for  the  carcinogenic  process. 

Significance   to  Cancer  Research;     To  throw  light  on  the  mechanism  involved 
in  the  formation  of  hepatic  tumors  as  a  result  of  feeding  g-dimethyl- 
aminoazobenzene . 

Proposed  course  of  project;     To  present  unequivocal  evidence  that  the  proposed 
mechanipi  is  valid,  it  is  proposed  to  synthesize  £-dimethylaminoazobenzene 
with  C^  in  each  of  the  two  benzene  rings  and  follow  the  fats  of  these 
compounds  in  the  formation  of  the  protein-bound  dye  complex  and  to 
actually  deteimine  which  part  of  the  dye  is  indirectly  involved  in  the 
binding  to  the  prot«in.     Following  this,  isolation  of  the  protein-bound 
dye  and  its  characterization  will  be  performed. 
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VIDIKG  FTflJDS,  FACILITIES ,  CR  PERSOKiaL  FCR  TOIS  PROJECT  IN  EITHER  1955  or  I956: 
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1^   IF  THIS  PROJECT  RESEMBLES,  COffLBMEHTS,  CR  PARAUJELS  RKEARCH  DOKE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANSE  OF  PERSONNEL,  FACILITIES  CR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 
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PROJECT  DESCRIPTION 


Objectives!    To  determine  whether  the  level  of  protein  intake  influences  the 
the  effect  of  x-irradiation  on  the  nitrogen  excretion  in  the  rat^ 

Methods  Employed;    Rats  were  fed  one  of  three  diets  differing  from  each 
other  only  in  the  percent  of  casein  and  starch  present.    These  diets 
were  isocaloric  and  fed  for  at  least  30  days  prior  to  exposure  to 
450-500  r  total  body  x-irradiation.    Total  nitrogen,  urea  and  ammonia 
nitrogen  were  analyzed  in  the  urine,  and  total  nitrogen  in  the  feces. 
Analysis  of  the  food  for  nitrogen  and  record  of  food  intake  made  it 
possible  to  determine  the  nitrogen  balancCo 

Major  Findings;     Two  major  findings  were  made; 

(1)   Rats  fed  a  low  protein  diet  (6  percent  casein)  showed  a  marked 
increase  in  nitrogen  excretion,  while  those  ingesting  a  15  or  20 
percent  casein  diet  showed  a  much  lower  increase  in  nitrogen  excretion, 
after  receiving  450-500  r  total  body  x-irradiation.    These  increases  in 
nitrogen  excretion  are,  to  a  great  extent,  due  to  increased  \irea  excre- 
tions and  suggest  increased  protein  catabolism.    As  a  result  of  radiation 
exposure,  loss  of  appetite  ensues  and,  coupled  with  radiation  effects, 
demands  for  energy  from  endogenous  sources  are  increased. 
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(2)   Rats  fed  the  low  protein  diet  (6  percent  casein)  developed 
cirrhosis  of  the  liver  after  145  days  in  53  percent  of  the  animals 
which  survived  450-500  r  total  body  x-irradiation,  while  animals 
ingesting  the  15  or  20  percent  casein  diet  for  periods  as  long  as 
450  days  showed  no  cirrhosis. 

Significance  to  Cancer  Research;   To  determine  whether  exposure  to 

x-irradiation  can  lead  to  cancer,   studies  as  those  described  above 
have  been  designed.    Atom  bomb  blasts  have  been  shown  to  increase 
the  incidence  of  leukemia  in  areas  where  radiation  from  the  a-bomb 
appeared.    The  profound  effect  of  x-irradiation  exposure  on  the 
metabolism  of  the  rat  has  been  demonstrated  with  the  resultant 
severe  cirrhosis  of  the  liver  in  animals  on  a  relatively  low  protein 
diet.    To  date  no  evidence  of  hepatic  tumors  have  been  demonstrated. 

Proposed  covirse  of  project:    To  determine  the  biological  factor  or  factors 
which  cause  this  increased  nitrogen  excretion  and  methods  of 
altering  this  effect;  to  determine  if  any  other  changes  occur  after 
radiation  exposure. 
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PRINCIPAL  INVESnGATOR(S) 


Dr,  R.  Bland  Williams,  Naval  Medical  Research  Institute,  Bethesda,  Maryland 
OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Objectives;    The  objective  of  this  project  is  to  correlate  histopathological 
changes  in  the  small  bowel  epithelium  produced  by  x-irradiation  with 
nucleic  acid  and  protein  synthesis. 

Methods  Employed;    Rats  are  exposed  to  total  body  x-irradiation  of  varying 
concentration  (from  threshold  to  lethal  dose)  and  are  sacrificed  at 
varying  times„    The  following  histological  changes  are  observed  in  the 
small  bowel  epitheliums    (a)  mitotic  arrest,  (b)  acute  cell  destruction, 
(c)  prolongation  of  interphase,  (d)  overshooting  in  recovery,  (e)  incom- 
plete recovery.    Parallel  to  these  histopathological  studies,  the 
biochemical  changes  as  characterized  bv  the  concentration  of  protein 
and  nucleic  acid  are  determined  using  N^^  labeled  glycine  as  the 
precursor  in  the  synthesiSo 

Major  Findings:   It  has  been  observed  that  with  the  arrest  of  cell  division 
there  was  always  associated  an  arrest  in  DNA  (desoxyribosenucleic 
acid)  synthesis  but  no  depression  in  protein  synthesis.    K  one  examines 
the  DNA  synthesis  zero  to  five  hours  after  exposure  to  x-irradiation 
varying  from  450  to  2,  000  r  there  is  an  arrest  of  DNA  synthesis.    If 
however  analyses  are  made  on  tissues  68-73  hours  after  x-irradiation 
there  is  a  threefold  increase  in  protein  synthesis  and  an  8-fold  increase 
in  DNA  synthesis.    This  increased  synthesis  has  been  associated  with 
the  cells  which  were  in  interphase  and  are  now  dividing.    Exposure  to 
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600  r  results  in  increased  synthesis  after  31-36  hours;  however, 
two  exposures  to  600  r,  48  hours  apart,  and  synthesis  studied 
96-101  hours  after  the  final  exposure  results  in  a  '2-fold  increase 
in  protein  synthesis  while  there  is  no  increase  in  DNA  synthesis. 
Exposure  to  2,  000  r  results  in  a  depression  in  DNA  synthesis.    If 
part  of  the  bowel  is  shielded  and  the  remainder  of  the  bowel  and 
animal  are  exposed  to  2,  000  r,  the  shielded  loop  shows  no  depression 
in  protein  and  DNA  synthesis  67-72  hours  later  even  though  the 
exposed  part  of  the  bowel  shows  complete  depression. 

Significance  to  Cancer  Research:    These  data  suggest  a  relationship 

between  mitotic  inhibition,  small  bowel  injury  and  symptomatology. 
It  is  felt  that  this  type  of  study  may  reveal  that  one  can  eventually 
destroy  tumor  tissue  (in  the  small  bowel)  by  knowing  the  effect  of 
irradiation  on  cells  in  division,  the  time  factor  in  recovery  and  the 
application  of  multiple  doses  of  irradiation. 

Proposed  course  of  project;    More  data  are  needed  on  the  correlation  of 
changes  in  nucleic  acid  synthesis  with  the  prolongation  of  interphase, 
effect  of  fractionating  the  dose  of  x-ray  on  the  degree  and  duration  of 
mitotic  inhibition  as  indicated  by  DNA  synthesis. 
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PROJECT  Tina 


Julius  White 

PRINCIPAL  I»VESTI(SATOR(S) 


OTHER  INVESTIQATO!^ 


9.  PROJECT  DESCRIPTION 


b 


Objectives:   To  determine  the  availability  for  protein  and  nucleic  acid 

synthesis  of  norm-al  and  tumor  tissue,  labeled  essential  amino  acidso 

Methods  Employed;   Administration  of  the  labeled  amino  acids  to  rats 

bearing  transplanted  Walker  256  carcinoma.    Determining  the  uptake 
in  protein  and  nucleic  acid  in  the  normal  tumorous  components. 

Major  Findings;  To  date  analytical  procedures  have  prevented  any  progress 
of  a  positive  nature.  We  have  established  reliable  procedures  which 
involve  column  cliromatography  for  the  separation  of  the  components^ 
Columns  and  resins  had  to  be  designed  which  would  handle  the  larger 
quantities  of  materials  needed  for  this  study. 

Significance  to  Cancer  Research;   To  study  the  growth  requirements  of  tumor 
tissue  and  its  relationship  to  ingredients  available  to  both  host  and 
tumor. 

Proposed  course  of  project;   To  compare  the  availability  and  utilization  of 

the  essential  amino  acids  for  protein  and  nucleic  synthesis  by  tumor 

tissue.. 
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PROJECT  DESCRIPTICai 

Objectives:     The  observation  was  made  by  Dr.   G.   B.  Mider  that  there  is  present 
in  the  Walker  carcinoma  256  a  factor  which  stimulates  the  appetite  of 
tumor  bearing  animals.     Animals  bearing  transplanted  tumors  reach  a 
stage  in  growth  hereby  the   tumor  assumes  massive  proportions,  at  times 
approaching  50  per  cent  of  the  total  weight  of  the   animal.     At  this 
stage  there  is  a  marked  loss  in  appetite  and  in  weight.     In  the  course 
of  a  few  days  the  animal  dies.     However,  if  one  adds  as  a  supplement  to 
an  animal  bearing  a  massive   tumor  at  the   time  the  appetite  f ails^  a  small 
amount  of  desiccated  tumor  tissue,   there  is  an  amazing  stimulation  of 
appetite  and  a  resxiltant  weight  gain.     This  dramatic  picture  persists 
for  as  much  as  seven  daj^s  when  the   animal  succumbs  as  a  result  of  direct 
or  indirect  presence  of  the   tumor.     There  is  therefore  present  in  tumor 
tissue  an  "appetite  and  growth  stimulating  factor"  which  is  not  present 
in  normal  tissues  investigated.      The  purpose  of  this  project  would  be 
to  study  and  isolate  the   active  component  of  t\imor  tissue* 

Methods  Employed;     The  Walker  256  carcinoma  would  be  grown  in  large  quantities 
to  supply  material  for  adequate  testing  and  purification. 

Major  Findings;     To  be  determined. 

Significance  to  the  Cancer  Research;     A  demonstration  of  the  presence  of  an 
active  factor  present  in  tumor  tissue  ^ich  indirectly  s  timulates  grovfth. 
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PROJECT  TITLE 
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PROJECT  IffiSCRIPTIOH 

Objectives;     To  stucfy-  the  availability  of  nitrogen  for  the  rapidly  growing 
small  transplanted  tumors.     Does  the  tumor  derive  all  of  its  nitrogen 
from  the  diet  of  the  host  or  does  the  tumor  impose  a  "stress"  on  stored 
tissues? 

Methods  Employed;     Young  growing  animals  will  be  placed  on  a  semi-^nthetic 
diet  of  known  composition.     At  a  given  tinie,  the  Walker  carcinoma  will  be 
implanted  subcutaneously  and  at  the  same  time,   the  animal  will  receive 
some  #^  labeled  glycine.      This  will  be  continued  for  about  seven  days  or 
until  such  time  ^dien  the  tumor  shows  signs  of  gro^rth.     The  N-'--'  glycine 
will  then  be  removed  from  the  diet  and  at  various  stages  during  the  growth 
of  the   tumor,  determinations  will  be  made  to  determine  how  much  of  the 
isotope  has  been  removed  from  the  host  for  tumor   growth. 

Major  Findings:     To  be  determined. 

Significance  to  Cancer  Eesearcht  To  determine  x*iether  stored  nitrogen  can 
be  built  into  cancerous  tissue.  Is  there  the  phenomenon  of  the  trans- 
locations of  nitrogen  from  host  to  tumor « 
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OniER  INVESTIOATCX^ 

9.     H^OJECT  HESOtlPTICai 

Objectives:    By  comparative  studies  of  the  metabolism  of  histidine,  a 

compound  of  basic  importance  to  the  economy  of  the  animal,  it  is 
hoped  to  obtain  information  which  will  further  our  understanding  of 
the  basic  nature  of  cancer.    Histidine  is  of  particular  interest 
because  it  permits  the  study  of  both  protein  and  nucleic  acid 
synthesis  from  a  single  precursor. 

Methods  Employed;    The  tools  being  employed  in  the  investigation  are 
radioactive  carbon  and  associated  methodology. 

Major  Findings;    The  principal  development  during  the  year  has  been  the 

emergence  of  a  hypothesis  that  in  Butter  Yellow  hepatoma  of  the  rat 
there  is  a  shift  in  the  mechanism  of  nucleic  acid  synthesis.    Normal 
rat  liver  utilizes  small  molecules  extensively  to  build  up  nucleic 
acid  purines^    the  tumor,  on  the  other  hand,  appears  to  rely  upon  a 
supply  of  preformed  purines.    This  hypothesis  is  based  on  the 
following  facts:    (1)  Histidine  functions  as  a  nucleic  acid  precursor 
by  producing  formate,  which  is  then  used  to  build  up  purines; 
(2)  incorporation  of  radiocarbon  from  labeled  histidine  into  nucleic 
acid  purines  of  normal  rat  liver  is  much  greater  than  into  those  of 
rat  hepatoma;  (3)  incorporation  of  labeled  histidine  into  hepatoma 
protein  is  not  reduced;  (4)  the  nucleic  acid  content  of  the  hepatoma 
is  about  the  same  as  that  of  normal  liver, 
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Significance  to  Cancer  Research;   Among  the  more  effective  therapeutic 
agents  against  cancer  are  the  folic  acid  analogues,  which  inhibit 
condensation  reactions  of  formate,  and  purine  analogues,  which 
inhibit  synthesis  of  nucleotides  from  purines.    Some  cancers  are 
wdnerable  to  one  type  of  agent,  others  to  the  other.    The  develop- 
ment of  resistance  is  commonly  observed  after  an  initial  period  of 
susceptibility. 

If  two  biochemically  important  pathways  of  nucleic  acid  synthesis 
exist  it  is  understandable  that  one  tumor  might  respond  to  one  type 
of  blocking  agent  and  another  to  the  other,  according  to  which 
pathway  the  tumor  relies  upon.    Moreover,  if  a  tumor  can  shift 
from  one  pathway  to  another,  the  development  of  resistance  can 
be  understood.    These  concepts  are  already  generally  recognized 
but  good  experimental  verification  is  lacking. 

Proposed  course  of  project;    During  the  next  year  it  is  proposed  to  carry 
out  experiments  to  confirm  the  hypothesis  outlined  above.    These 
will  be  of  three  types;    (1)  Administration  of  labeled  adenine  to 
show  that  incorporation  into  nucleic  acids  of  Butter  Yellow  hepatoma 
is  greater  than  in  those  of  normal  liver;  (2)  regression  studies  with 
folic  acid  analogues  and  purine  analogues  to  show  that  the  Butter 
Yellow  hepatoma  is  inhibited  more  by  the  latter  than  the  former; 
(3)  metabolic  studies  during  the  development  of  resistance  to  purine 
analogues  to  demonstrate  a  shift  in  nucleic  acid  metabolism  toward 
the  utilization  of  formate.    In  this  way  it  is  hoped  to  put  the  questions 
discussed  above  on  a  firm  experimental  basis. 
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Fundamental  effects  of  ultraviolet  radiation  on  living  systems,  with  regard  to 
6.      their  relationships  to  the  induction  of  cancer  by  that  agent, 

PROJECT  TITUS  '  '     '  ~— 


Harold  F.   Blum 

PRINCIPAL  INVESTIGATOR(S) 


Prof,  E.  G.   Butler  and  staff.  Prof.  A,  K.   Farpart,  Dr.  Murray  Eden  and  Mr.   John 
S.   Cook  -  all  of  Princeton  University.     Prof.   James  Green  of  Rutgers  University, 


OriffiR  INVESTIOATCSRS 


PROTECT  INSCRIPTION 

Objectives;     The  principal  aim  of  this  project  is  a  synthetic  approach  to  the 
problem  of  carcinogenesis  by  ultraviolet  radiation. 

Methods  Employed;     The  attack  is  a  combined  theoretical  and  experimental  one. 
Using  data  available  from  our  earlier  work  on  the  induction  of  cancer  ty 
ultraviolet  light,    a  mathematical  model  has  been  constructed  which  explains 
certain  aspects.     Realizing  that  any  such  model  can  only  have  meaning  if 
related  to  real  biological  phenomena,   experimental  studies  of  v  arious 
effects  of  ultraviolet  radiation  on  living  systems  have  been  undertaken. 
Our  model  would  indicate  that  the  mechanism  of  cell  division  and  its  con- 
trol are  of  particular  importance  in  this  problem,  and  hence  the  effect  of 
ultraviolet  radiation  on  this  phenomenon  has  been  a  principal  preoccupa- 
tion.    Our  studies  have  extended  into  related  fields  as  this  has  seemed 
indicated. 

Major  Findings:     During  the  present  year,  studies  have  continued  in  collabor- 
ation with  Prof.   E.   G.Butler,   and  his  staff,  on  effects  of  ultraviolet 
radiation  on  growth  and  regeneration  in  the  urodele  limb.     It  has  been 
found  that  heavy  doses  of  this  agent  are  follox-red  by  extensive  regression, 
and  that  in  the  ensuing  regeneration  process,   supernumerary  digits  or 
limbs  may  appear,  depending  upon  the  area  irradiated.     Regression  and 
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supernumerary  growth  are  both  diminished  by  following  the  ultraviolet 
radiation  with  "visible  light". 

Studies  of  the  lytic  action  of  ultraviolet  radiation  have  been  carried 
out  by  Mr,   John  S.   Cook  under  my  supervision.     These  have  revealed  un- 
expected quantitative  relationships,  and  give  some  indication  as  to  the 
mechanism,  and  possible  bearing  on  our  problem.      (This  work  will  be  pre- 
sented as  Mr.   Cook's  thesis  for  the  doctorate,  and  should  be  considered 
as  confidential  until  a  later  time.) 

Quantitative  studies  of  polyspermia  in  the  sea  urchin's  egg  were  carried 
on  at  the  Marine  Biological  Laboratory,  Woods  Hole,  in  collaboration 
with  Dr.   Murray  I  den.     The  data  obtained  are  being  analyzed. 

Significance  to  Cancer  Research;     Perfection  of  aspects  of  our  model  of  car- 
cinogenesis has  been  attempted  with  certain  limited  success. 

Proposed  course  of  project t     The  studies  of  effects  of  ultraviolet  radiation 
on  amphibia  i-all  continue  in  collaboration  with  Prof.  E.   G.  Butler. 
These  will  be  extended  to  studies  of  the  effects  of  ultraviolet  radiation 
on  cell  proliferation  and  its  control  in  mammalian  tissues. 

Studies  of  the  lytic  action  of  ultraviolet  radiation  will  be  continued, 
■viith  particular  regard  to  the  question  of  photorecovery.     Studies  on 
photosensitized  lysis  and  associated  cation  exchange  will  also  be  pursued, 
following  preliminary  studies  already  carried  out.     Aspects  of  the  latter 
studies  will  be  in  collaboration  with  Professors  A.  K.  Parpart  and 
J,  Green. 

The  analysis  of  data  on  polyspermia  in  the  sea  urchin's  egg  will  continue, 
"with  the  expectation  of  extension  of  the   study  with  regard  to  abnormal 
cell  division. 

The  i^nthetic  approach  to  the  problem  of  carcinogenesis  ty  ultraviolet 
radiation  will  continue. 
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9.  PROJECT  OBSCRIFrKXI 

Objectives;   Treatment  of  total-body  irradiation  injury.    Determine  the 
mechanism  by  which  bone  marrow  and  related  living  tissues 
prevent  death  from  irradiation  injuryo 

Methods  Employed;    Mice  and  guinea  pigs  exposed  to  lethal  doses  of 

total-body  irradiation  are  injected  with  a  variety  of  hematopoietic 
tissues  from  several  species. 

Major  Findings;    Rat  bone  marrow  and  bone  was  found  to  be  effective  in 

preventing  death  of  irradiated  mice.    Mouse  bone  was  also  effective 
in  irradiated  mice.    Guinea  pig  bone  was  effective  in  irradiated 
guinea  pigs. 

Significance  to  Cancer  Research;   These  studies  have  led  to  new  work  in 
preventing  irradiation  induced  leukemia  and  have  allowed  the  use 
of  massive  doses  of  total-body  irradiation  in  the  treatment  of 
transplanted  leukemiae 

Proposed  course  of  project;     Study  of  the  mechanism  by  which  the  bone 
marrow  and  related  tissues  act. 
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9.  PROOECT  DESCRIPTIC3lf 

Objectives!   Determination  of  acute  and  chronic  total-body  irradiation  effects 
from  the  standpoints  of  life  span,  tumor  incidence,  hem.atology  and 
general  pathology. 

Methods  Employed;     Mice,  rats,  and  guinea  pigs  irradiated  in  a  variety  of 

ways  were  studied  throughout  life  and  by  autopsy  technique  after  death. 

Major  Findings g    Bacterial  infection  in  acutely  irradiated  mice  was  studied 

from  the  standpoint  of  general  pathologic  changes  (Congdon,  Williams, 
Haberman).  Lesions  in  the  intestinal  tract  were  found  which  appeared 
to  be  one  of  the  portals  of  entry. 

In  rats  on  a  low  protein  diet,  a  dietary  type  of  liver  cirrhosis  was 
observed  following  exposure  to  total-body  irradiation  (White,  Congdon), 

Tumor  incidence  and  longevity  in  mice  given  chronic  gamma  irradiation 
of  a  very  low  intensity  thi'oughout  their  life  span  showed  normal 
longevity  and  increased  leukemia  incidence  in  this  experiment, 
confirming  and  extending  an  older  piece  of  work  (Lorenz,  Hollcroft, 
Congdon)  o 

Pathologic  changes  in  the  kidneys  of  mice  given  radon  intravenously 
were  observed  and  described  (Hollcroft,  Congdon).    The  lesions  were 
of  such  a  severity  as  to  shorten  the  life  of  the  mice, 
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Significance  to  Cancer  Research:   The  importance  of  ionizing  radiations 
in  producing  cancer,  in  treating  cancer,  and  in  studying  the 
phenomenon  of  cancer  requires  a  continual  search  for  new 
radiation  effects  and  an  understanding  of  established  ones. 
Treatment  of  irradiation  effects  requires  intimate  knowledge 
of  the  effects. 

Proposed  course  of  project:    When  new  effects  are  encountered, 

preliminary  study  of  their  significance  is  \mdertaken  to  determine 
what  role  it  might  play  in  other  projects. 
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Congdon,  C»  C,  Williams,  Fo  P, ,  Haberman,  R.  T.,  and  Lorenz,  E,i 

The  histopathology  of  bacterial  infection  in  irradiated  mice,    J,  Nat, 
Cancer  Inst,,    In  press,  February,  1955. 

White,  Jo,  Congdon,  Co  Co,  David,   Philip  W,,  and  Ally,  Mona:   Cirrhosis  of 
the  liver  in  rats  following  total  body  x-irradiation,    Jo  Nat,  Cancer 
Inst,    In  press,  February  1955o 

Hollcroft,  Joanne  Weikel,  Lorenz,  Egon,  Matthews,  Marion,  and  Congdon, 
Charles  C^i   Long  term  survival  following  x-irradiation  and  the 
irradiation  of  the  a  particles  from  radon  and  its  decay  products, 
Jo  Nato  Cancer  Insto    In  press,  February  1955, 

Lorenz,  Egon,  Hollcroft,  Joanne  Weikel,  Miller,  Eliza,  Congdon,  Charles  C, 
and  Schweisthal,  Robert:    Long  term  effects  of  acute  and  chronic 
irradiation  in  micCo    I.    Survival  and  tumor  incidence  following 
chronic  irradiation  of  Ooll  r  per  day,    J.  Nat,  Cancer  Inst,    In  press, 
February  1955, 
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9.     PROJECT  DESCRIPTION 

Objectives;   Determination  of  the  role  of  hematopoietic  tissues  in  the 
pathogenesis  and  treatment  of  rodent  leukemia^ 

Methods  Employed;    Cases  of  leukemia  in  guinea  pigs  that  were  irradiated 
or  not  irradiated  were  studied  pathologically,  as  were  the  transplant 
lines  established  from  them.    Mice  with  a  high  incidence  of  leukemia 
were  injected  early  in  life  with  normal  bone  marrow  from,  strains  of 
mice  that  had  either  a  low  or  a  high  spontaneous  incidence  of  leukemia. 
Limited  chronic  gam.ma  ray  exposures  were  used  to  induce  leukemia 
in  guinea  pigs.    Transplanted  leukemia  in  guinea  pigs  was  treated  by 
total-body  irradiation  alone  or  in  combination  with  a  chemotherapeutic 
agents 

Major  Findings;    Lymphatic  leukemia  occurs  in  guinea  pigs  as  it  does  in 

other  rodents.    It  was  observed  both  in  irradiated  and  non- irradiated 
guinea  pigs  (Congdon,  Lorenz),    Several  transplant  lines  were 
established.    The  pathology  followed  that  of  other  examples  of  roaent 
lymphatic  leukemia^ 

Bone  marrow  from  a  strain  of  mouse  with  a  high  spontaneous  incidence 
of  leukemia  increased  the  incidence  of  leukemia  in  its  Fj^  hybria 
while  the  injection  of  bone  marrow  from  a  low  leukemic  stram  ot 
mouse  decreased  the  incidence  of  leukemia  in  its  Fi  hybrid  (Lorenz, 
Law,  Congdon), 
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Guinea  pigs  exposed  to  8,8  r  per  day  until  they  developed  a  marked 
anemia  were  removed  from  the  exposure  field.    Subsequently, 
about  25  percent  of  the  animals  developed  an  acute  aleukemic 
leukemia  (Congdon,  Lorenz).    Bone  marrow  treatment  of  the 
anemia  resulted  in  prompt  return  to  normal  values. 

Massive  doses  of  total-body  irradiation  cause  prolonged  remissions 
of  transplanted  guinea  pig  leukemia  but  cure  was  not  obtained  when 
the  cumulative  dose  was  2,  000  r.    Bone  marrow  was  used  to  keep 
the  animals  alive  after  the  irradiation.    Combination  of  small  doses 
of  x-rays  with  small  doses  of  *tepa*  did  not  show  any  greater  effect 
than  either  agent  alone  when  the  treatments  were  administered 
nearly  simultaneously  (Lorenz,  Congdon), 

Significance  to  Cancer  Research;   Leukemia  studies  from  the  standpoints 
given  here  represent  in  part  new  and  interesting  approaches  to  this 
cancer  problem.    Further  work  is  needed  to  determine  their 
ultimate  significance. 

Proposed  course  of  project:   Repetition  and  extension  of  m.ost  of  these 
experiments. 
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Relative  Biological  Effectiveness  Variation  of  Haploid  Yeasto 
FROJECT  TITtE 


7,  Mortimer  M,  Elkind  

PRINCIPAL  IKVESTIGATORrS) 

8.  Dr.  Carl  Ao  Beam  (Donner  Laboratory) 


OTHER  XNVESTIGATOi^ 


PROJECT  rSSCEIPKOK 


Objectives:   The  objective  of  this  research  was  to  measure  the  biological 
iS"ectiveness  variation  (alpha-particles  compared  to  x-rays)  of 
haploid  yeast  as  a  function  of  starvation. 

Methods  Employedg    Survival  curves  were  obtained  for  alpha-particle  and 
x-ray  irradiation  as  a  function  of  the  metabolic  state  of  the  celL 
From  a  comparison  of  such  survival  curves,  the  relative  biological 
effectiveness  (RBE)  was  obtainedo    The  range  of  metabolic  stsites 
examined  was  from  rapidly  dividing  log  phase  cells,  to  cells  starved 
up  to  9  days  in  a  buffered  dextrose  medium  (no  fixed  nitrogen  source). 

Major  Findings;    It  was  found  that  starvation  caused  the  RBE  to  vary  by  a 
factor  of  3  mainly  as  a  result  of  a  variation  in  the  x-ray  sensitivityo 

That  is,  alpha-particles  were  less  effective  than  x-rays  in  killing 
rapidly-dividing,  interdivisional  cells  while  the  reverse  was  true 
for  starved  interdivisional  cells.    This  illustrates  that  the  metabolic 
state  has  as  profound  an  effect  on  tiie  RBE  of  tfiis  system,  as  the 
purely  physical  parameters  previously  tiiougM  to  be  responsible 
for  RBE  variation. 
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Significance  to  Cancer  Research:     While  all  new  biological  results  can  be 
ultimately  of  significance  to  cancer  research,  this  data  is  pertinent 
for  the  following  reasons;    First,  sites  sensitive  to  radiation  have 
been  shown  to  be  dependent  on  the  physiological  state  of  the  systenio 
Secondly,  current  theories  of  the  basic  mode  of  interaction  of  ' 
radiation  with  living  matter  must  be  re-examined  since  effects  such 
as  these  are  not  predicted.    Thirdly,  the  observed  correlation 
between  biological  and  physical  parameters  suggests  that  experiments 
of  this  type  can  aid  in  elucidating  biological  processes. 

Proposed  course  of  project;    When  a  soft  x-ray  machine  and  alpha-particle 

source  become  available  for  this  research,  it  is  planned  to  investigate: 
(A)  the  relative  effects  of  more  diffuse  forms  of  radiation  as  a  function 
of  starvation;  (B)  the  relationship  between  ploidy  and  starvation;  and 
(C),  as  time  and  assistance  permits,  the  dependence  of  radiosensitivity 
on  the  composition  of  the  growth  medium. 
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for  Cancer  Research,  New  York  City,  on  September  30,  1954,  entitled 
"Radiosensitivity  and  Relative  Biological  Effectiveness  Variation  of 
Haploid  Saccharomyces  Cerevisiae,  ^ 


FAGS  1 
mOMCT  REPCilT  ¥WM 


1.  National  Cancer  Institute     2.      Radiation  Branch 


3.       Office  of  the  Chief  U.  .  5./^C/~  >/a 

SBCTIOB  CR  SERVICE  ~~~      ~  L0CA!fi[5iTl^  CXEHER  THAN  BBiEffiSDA)       S^IAL  NO 


6.  Comparison  of  Biologic  Effects  of  a  rays  from  Radon  with  X-ravs. 
PROJECT  frruE 


7.  Joanne  Hollcroft 

PRINCIPAL  IlfVESTI6ATCR(S) 


OTHER  INVESnOATORS 

9.     PBOJBCT  DSSCRIPTIOU 

Objectives g    To  determine  the  difference  in  effect  of  ii-rays  with  low  specific 
ionization  from  those  of  a  rays  with  high  specific  ionization. 

Methods  Employed;   Study  of  long  term  survival  of  mice  receiving  equivalent 
energy  doses  of  a  irradiation  and  x-irradiation  and  investigation  of  kidney 
damage  produced  by  these  radiations<,    Study  of  lung  tumor  induction  by 
a  rays  and  x-rays^ 

Major  Findings;    (1)   Life  span  of  strain  A  male  mice  was  shortened  by  5o% 
by  a  rays  from  radon  and  its  daughters  while  it  was  not  shortened  by  an 
equivalent  dose  of  x-raySc.    Histologic  studies  showed  that  the  a  particles 

caused  an  early  damage  to  the  kidney  from  which  the  animals  recovereu 
and  a  severe  later  dam_age  in  which  biszare  nuclei  was  seen  ^.ni  wiiich  ac- 
counted for  the  early  death  of  the  animalSc    The  raion  and  its  decay  pro- 
ducts had  been  found  to  concentrate  in  the  kidney  and  tliereby  producinsi-  ;:. 
kidney  dose  14  times  the  average  dose.    Equivalent  x-irradiation  dose 
(14  X  400  r)  to  the  kidney  alone  also  produced  an  early  ikKxage  from 
which  the  mice  appeared  to  recover  and  later  atrophy,  crlcificatiori 
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of  tubules  and  thickening  of  glomeruli.    (2)    Histologic  studies  con- 
firmed the  gross  observations  that  neither  an  acute  dose  of 
x-irradiation  nor  a  single  dose  of  radon  increased  the  incidence 
of  lung  tumors  in  Strain  A  mice. 

Significance  to  Cancer  Research;  Comparison  of  biologic  effectiveness 
gives  insight  into  mechanism  of  radiation  damage  and  is  related  to 
the  radiotherapy  of  cancer. 

Proposed  course  of  project;   A  brief  study  on  induction  of  kidney  tumors 
by  radon  is  in  progress  but  no  further  studies  are  planned^ 
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g     Z-radiation  treatment  of  a  transplanted,  metastisizing  lymphosarcoma,  L2. 
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Joanne  Hollcroft 
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8.   None 


OTHER  INVESTIGATORS 

9.     PROJECT  INSCRIPTION 

Objectives;    To  determine  the  lethal  x -radiation  dose  for  the  L2  tumor. 

Methods  Employed;   Strain  A  mice  bearing  L2  lymphosarcoma  were  irradiated 
starting  on  the  10th  day  after  transplants    A  bioassay  of  the  liver, 
spleen  and  tumor  from  these  mice  was  performed  by  inoculating 
strain  A  mice  subcutaneously  with  these  tissues  at  various  times 
following  treatment. 

Major  Findings g    No  tumor  grew  from  implants  of  spleen  or  liver  from  mice 
irradiated  with  a  single  dose  of  2,  000  r  or  2  daily  doses  of  1,  000  r. 
Implants  grew  in  all  animals  transplanted  with  tumor  from  mice 
irradiated  2,  3  or  4  days  previously  but  not  in  all  mice  transplanted 
with  tumor  from  mice  irradiated  1  day  previouslyo    Implants  of  liver, 
spleen  and  tumor  from,  non-irradiated  mice  all  grew  equally  well. 

Significance  to  Cancer  Research;   Radiotherapy  of  leukemia^ 

Proposed  course  of  project;    Continuation  of  this  study  using  further 
fractionation  and  higher  doses. 
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PROJECT  DESCEIPTK^ 

Objectivesg    To  determine  in  what  manner  the  tumor  reacts  to  ionizing  radia- 
tion and  in  what  manner  the  radiosensitivity  may  be  increasedo 

Methods  Employed;    Vary  the  physiology  of  the  host  (Strain  A  mouse)  prior  to, 
during,  or  following  irradiation  of  the  transplanted  lymphosarcoma,  Ll| 
follow  tumor  growth. 

Major  Findings:    (1)   Most  of  the  work  on  this  project  has  been  an  effort  to 
produce  a  more  uniform  tumor  response  to  irradiation.    When  tumors 
were  treated  with  2000  r  or  1000  r  to  the  tumor  plus  50  r  to  the  body  no 
difference  in  variation  of  response  was  seen  whether  the  tumors  were 
treated  at  12,  15  or  18  days  following  transplant.    Similarly  no  difference 
in  response  or  variation  of  response  was  seen  when  small  tumors  were 
compared  with  large  tumors  treated  at  the  same  time  following  transplant, 
(2)   A  treatment  of  1000  r  to  the  tumor  plus  50  r  to  the  body  daily  for  3  days 
was  more  effective  tlian  a  treatment  of  1000  r  to  the  tumor  daily  for  3  days. 
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(3)   Repeating  treatment  1000  r  to  the  tumor  plus  50  r  to  the  body  when 
the  tumors  return  to  original  size,  in  general,  eventually  resulted  in 
radioresistance  of  the  tumor  but  some  tumors  responded  better  after  the 
second  or  third  treatment  than  after  the  first  treatment.    (4)   Treating 
the  tumors  with  1000  r  to  the  tumor  plus  50  r  to  the  body  while  the  animals 
were  breathing  95%  O^  and  5%  COg  appeared  to  be  more  effective  than  the 
same  irradiation  when  the  mice  were  breathing  air.    (5)   Diathermy  prior 
to  irradiation  did  not  alter  the  response.    (6)    Histamine  injection  imme- 
diately prior  to  irradiation  decreased  the  tumor  response  following  1300  r 
to  the  tumor  or  400  r  whole  body. 

Significance  to  Cancer  Research;   To  find  methods  of  increasing  usefulness  of 
radiotherapy  in  cancer. 

Proposed  course  of  project;    It  will  be  attempted  to  change  the  radiosensitivity 
of  LI  and  other  tumors  by  changing  vascular  supply,  giving  metabolic 
poisons,  hormones  and  other  drugs.    Further  studies  on  dose  fractionation 
will  be  carried  out. 
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Long  Term  Survival  and  Tumor  Incidence  Following  Acute  or  Chronic 
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7.      Eliza  Miller 

PRINCIPAL  INVESTIGATOR(S) 


8.     Joanne  HoUcroft  and  Charles  C.  Congdon 


OTHER  IRVESnOATORS 


9.     PROJECT  DSSCBIPTION 


Objectives;    To  study  long  term  survival  and  carcinogenesis  of:    (1)  Chronic 
irradiation  in  the  tolerance  range.    (2)  Chronic  irradiation  in  castrated 
female  mice  (mainly  mammary  tumor  induction),    (3)  Acute  radiation 
doses  when  the  animals  are  protected  from  the  acute  irradiation  effects. 

Methods  Employed;    (1)  LAFj^  mice  were  exposed  to  0,11  r  per  8  hour  day 
y  irradiation  for  duration  of  life,    (2)  CjHf  female  mice  were  castrated 
and  exposed  to  8,8  r  per  8  hour  day.    Life  span  and  tumor  incidence 
were  compared  with  intact  CjEL  female  mice  receiving  the  same 
irradiation  treatment  as  well  as  with  intact  and  castrated  controls. 
(3)  CgH  mice  were  x-irradiated  under  the  following  conditions; 
(a)  400  r  at  birth,    (b)  400  r  with  sham  spleen  shielding,    (c)  400  r 
with  spleen  shielding,    (d)  900  r  with  spleen  shielding,    (e)  900  r 
with  chemical  protection  of  950  mg  per  kg  cysteine  prior  and  95%  He 
plus  5%  Og  during  irradiation. 

Major  Findings;    (1)  Male  LAFj^  mice  exposed  to  0. 11  r  per  8  hour  day  lived 
longer  than  the  control  LAFj^  male  mice.    Irradiated  mice  showed  a 
higher  ^leukemia"  incidence  and  a  higher  mammary  carcinoma  incidence 
than  the  control  mice.    The  irradiated  females  also  had  a  higher 
ovarian  tumor  incidence,    (2)  No  difference  in  mean  survival  time 
was  found  between  CjHf  intact  females  and  CjHf  castrate  females. 
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Chronic  exposure  to  8.8  r  per  day  decreased  the  life  span  of  both 
intact  and  castrate  mice  by  the  same  amount.    (3)  The  survival 
time  following  acute  exposures  was  proportional  to  the  dose  and 
not  influenced  by  the  spleen  protection,  cysteine  plus  anoxia  pro- 
tection or  irradiation  at  birth.    Histologic  findings  on  the  mice 
irradiated  at  birth  indicated  an  increase  in  ovarian  tumors  and 
adrenal  tumors.    These  mice  developed  kidney  cysts  and  had  a 
high  incidence  of  auricular  and  valvular  thromboses.    The  mammary 
glands  of  these  mice  were  undeveloped. 

Significance  to  Cancer  Research;   Irradiation  is  a  good  tool  for  production 
of  cancer.    The  lowest  chronic  dose  which  will  produce  certain 
tumors  must  be  established.    The  long-term  effects  of  acute  doses 
of  total  body  irradiation  are  of  consequence  in  considering  the  role 
of  radiotherapy  in  treatment  of  cancer. 

Proposed  course  of  project;  Completion  of  histologic  studies. 


PROJECT  RSPCRT  FORM  (Cont'd) 


Page  3 


10.  //-C/  -  4»  /  y 
SERIAL  NO. 


IT     BUIXST  DATA? 


ESTIMATED 
EXPENDITURES 

fiUDGETED  POSITICNS 

MAN  YEARS 

PATIENT 
DAIS 

PROP 

OTHER 

TOTAL 

PROP 

OTHER 

TOTAL 

fJf  1955 

/  4^^o 

1 

1 

2 

1/3 

2/3 

1 

FY  1956 

^  (^,Q37 

1 

1 

2 

1/3 

2/3 

1 

12.  BUDGET  ACTIVITY: 


RESEARCH  ^ 

REVIEW  «»  APPRWAL  [J 


administration     (j 
technical'  assistance  £7 


it:  COCPERATINO  units  OF  THE  PUBLIC  HEALTH  SERVICE,  CR  COHER  ORGANIZATIONS,  PRO- 

VIDING  FUNDS,  FACILITIES,  OR  PERSOfIH?L  FOR  THIS  PROJECT  IN  EITHER  1955  or  1956: 

None 


\,     IF  THIS  PROJECT  RESEMBLES,  CCMPLEMWTS,  OR  PARALLELS  R^EARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVIOE  (WITHOUT  INTERCHANGE  OP  PERSCNHEL,  FACILITIES  OR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


None 


Page  4 
raOJECT  RBPCRT  FCHW  (Cont'd) 


15.    Hci-CH 

SERIAL  NO. 
15^     PUBUCATI0M5  CffHER  THAN  ABSTRACTS  roCM  miS  PROJECT  DURIKO  CALENDAR  YEAR  195^^ 

Lorenz,  Eo,  Hollcroft,  Jo  Wo,  Miller,  E. ,  Congdon,  C,  C.  and 

Schweisthal,  R.  \    Long  term  effects  of  acute  and  chronic  irradiation 
in  micco    \„    Survival  and  tumor  incidence  following  chronic 
irradiation  of  0»11  r  per  day,    J,  Nat,  Cancer  Inst.    In  press. 


rr     HOtTQRS  AIR}  AVAROS  TO  PERSCNNEi;.  RELATIIR}  TO  CSIS  FRO^CT  DURING  CAI£BDAR  YEAR 
None, 


PRC^CT  SEPCar  FORM 


1.      Nationed  Cancer  Institute  2.    Ra-diation  Branch    

mSTITOTB  LABORMTCKY  CS  IRAHCH 

3^      Metabolism  Section  4,                                                                c 

SECTIOR  CR  SERVICE  '          LOCATION  (IF  OlHER  IfiAN  ^SCSESBAT     ^IAl'hO" 


6.      Iodide  Concentrating  Mechanism  in  the  Thyroid  Glando 
FROJSCt  TITLE        ■ 


7,      S.  He  Woilman 

PRINCIPAL  IIIVESTIGATOB(ST 


8.  Dro  R.  O.  Scow  of  NIAMD. 
OTHER  INVESTIGATORS 

9.  PROJECT  DESO^IPTIOR 


Objectives;    To  learn  about  the  mechanism  by  which  the  thyroid  gland  maintains 
a  concentration  of  radioiodide  elevated  above  that  in  the  blood  and  about 
the  way  the  thyroid  radioiodide  and  iodide  concentrations  influence  the 
uptake  of  radioiodine. 

Methods  Employed;    Kinetic  studies  will  be  made  of  the  ratio  of  radioiodide 

concentrations  in  the  thyroid  gland  and  serum  and  factors  which  control  it» 

Major  Findings;    The  ratio  of  the  radioiodide  concentrations  in  thyroid  gland 
and  serum  (T/S  ratio)  was  independent  of  the  serum  iodide  concentration 
at  low  concentrations  in  mice  in  which  binding  of  iodine  was  blocked  by 
propylthiouraciL    At  high  enough  serum  iodide  concentrations  the  T/S 
ratio  decreased  progressively  as  the  serum  iodide  concentration  increased„ 
The  observed  data  can  be  fit  quantitatively  by  two  qualitatively  different 
models  for  the  iodide  concentrating  mechanism,  an  active  transport  model 
and  an  adsorption  modeL    Ln  both  models  the  T/S  ratio  decreases  with 
increasing  serum  iodide  concentrations  because  of  a  saturation  of  the 
iodide  concentrating  mechanism.    In  both  models  the  iodide  complexes 
with  a  substance  in  the  thyroid,  and  the  affinity  of  this  substance  for 
iodide  is  found  to  be  the  same  for  normal  and  hypophysectomized  miceo 
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The  T/S  ratio  was  measured  in  mice  using  graded  doses  of  propyl- 
thiouracil and  of  iodide  to  block  binding  to  various  degreeso    As  the 
binding  is  progressively  blocked  the  T/S  ratio  increases  for  both 
agents.    However,  after  binding  is  almost  completely  blocked,  a 
further  increase  in  propylthiouracil  dose  causes  no  further  change 
in  the  T/S  ratio  until  toxic  doses  of  goitrogen  are  reached,  whereas 
with  iodide  a  further  increase  causes  a  drop  in  the  T/S  ratio  because 
of  saturation  of  the  iodide  concentrating  mechanismc 

When  binding  was  blocked  with  propylthiouracil  and  iodide  the  T/S 
ratio  was  higher  than  when  the  binding  was  blocked  by  iodide  alone „ 
This  demonstrates  that  in  at  least  one  circumstance  propythiouracil 
can  elevate  the  T/S  ratio  without  changing  the  extent  of  binding. 

The  T/S  ratio  was  measured  in  normal  and  hypophysectomized  ratSe 
Blocking  binding  of  radioiodine  with  propylthiouracil  was  associated 
^'ith  an  elevation  of  the  T/S  ratio.  The  effects  are  similar  but  more 
striking  than  those  in  the  mouse. 

Studies  of  the  amount  of  stable  iodine  bound  as  radioiodide  binding  is 
blocked  by  high  concentrations  of  stable  thyroid  iodide  suggests  that 
two  mechanisms  exist  for  the  blocking  of  binding.    At  lower  levels  of 
stable  thyroid  iodide  the  decrease  in  radioiodine  binding  appears  to  be 
a  saturation  of  the  binding  mechanism,  but  at  high  enough  levels  the 
effect  is  due  to  an  inhibition  of  the  binding  mechanism. 

Significance  to  Cancer  Research;   Transplantable  tumors  of  the  thyroid  gland 
in  mice  appear  to  have  a  marked  impairment  in  or  loss  of  the  iodide 
concentrating  mechanism.    This  loss  appears  directly  responsible  for 
the  loss  of  ability  of  certain  lines  of  thyroid  tumors  to  accumulate 
radioiodine.    The  above  experimental  results  are  directed  largely  to 
provide  an  understanding  of  the  iodide  concentrating  mechanism  and 
the  factors  controlling  it. 

Proposed  course  of  project;    Further  kinetic  studies  on  the  iodide  concentrating 
mechanism  will  be  undertaken.    In  addition,  a  more  direct  attack  will  be 
made  on  the  problem  of  determining  the  factors  which  most  seriously 
limit  the  accumulation  of  radioiodine. 
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trations in  thyroid  gland  and  serum  on  serum  iodide  concentration: 
With  propylthiouracil.    Endocrinology  55:  828-836,  1954. 

S.  H.  Wollman  and  R.  O.  Scow:    Dependence  of  ratio  of  radioiodide  concen- 
trations in  thyroid  gland  and  serum  on  serum  iodide  concentration: 
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S.  H»  Wollman  and  R.  O.  Scow:    Effect  of  various  goitrogens  and  of  dose  of 
propylthiouracil  on  the  ratio  of  radioiodide  concentrations  in  the  thyroid 
gland  and  serum  in  mice.    Endocrinology,    In  press.    Probable  date  of 
appearance  March  1955, 

S,  H,  Wollman  and  R,  O,  Scow:    Effect  of  propylthiouracil  on  the  ratio  of 
the  radioiodide  concentrations  in  thyroid  gland  and  serum  in  normal 
and  hypophysectomized  rats.    Endocrinology.    In  press.    Probable 
date  of  appearance  March  1955, 
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6.     Transplantable  Thyroid  Tumors:    Production  and  I        Metabolism. 

PROJECT  T^S£ 


7.      S.  H.  WoUman 

PRIKCIPAL  I1!VESTICAT0R(S) 

e.      Dr.  R,  O,  Scow  of  NIAMD. 


OTHER  mVESnOATQRS  '  ' 

PROJECT  raSCRIPTIOK 
Objectives: 

(a)  To  produce  transplantable  thyroid  tumors  in  the  rat  and  the  mouse. 

(b)  To  compare  iodine  metabolism  in  thyroid  tumors  and  normal  thyroid. 
Methods  Employed: 

(a)  Thyroid  tumors  are  being  produced  by  chronic  feeding  of  thiouracil, 

(b)  Iodine  metabolism  was  studied  with  the  use  of  radioactive  iodine. 
Major  Findings; 

(a)    Transplantable  thyroid  tumors  have  been  produced  in  rats  and  mice. 
The  first  thyroid  tumors  which  will  grow  in  our  strain  of  rats  fed  a 
goitrogen-free  diet  were  obtained  this  year.    The  mouse  tumors  still 
will  grow  only  in  hosts  fed  thiouracil. 
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(b)    Although  no  radioiodine  studies  have  been  made  on  tumors  this  year 
a  study  has  been  made  of  the  effect  of  transplanting  a  normal  thyroid 
lobe  to  a  subcutaneous  site.    It  was  found  that  when  the  auto- 
transplanted  lobe  was  compared  with  the  lobe  in  situ  there  was  no 
difference  in  groAvth  in  response  to  propylthiouracil  feeding  and  no 
appreciable  difference  in  the  blood  radioiodine  clearance  per  unit 
weight  of  tissue  in  either  normal,  hypophysectomized  or  propyl - 
thiouracil-fed  rats. 

Significance  to  Cancer  Research;   The  observed  equivalence  of  autotransplanted 
thyroid  tissue  and  tissue  in  situ  suggests  that  the  observed  decrease  in 
blood  radioiodine  clearance  by  transplanted  thyroid  tumors  is  due  to 
biochemical  changes  in  the  tumor  and  is  not  due  to  the  abnormal  site. 
From  the  standpoint  of  radioiodine  therapy  it  also  suggests  that 
metastasized  tumors  should  not  be  more  difficult  to  get  radioiodine 
into  just  because  they  happen  to  be  at  an  abnormal  site. 

Proposed  course  of  project;    Studies  of  the  radioiodine  metabolism  of  thyroid 
tumors  in  the  rat  will  be  undertaken  this  year. 
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This  project  may  resemble  research  in  the  Laboratory  of  Biochemistry. 
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J.  Nat,  Cancer  Inst.    In  presSo    Probable  date  of  appearance  Feb,  1955c 
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5,  Autoradiographic  Localization  of  I      in  Normal  and  Neoplastic  Thyroid  Tissue. 
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9.  Pi«3JECT  DBSCRIPTIOK 
Objectives  g 

(a)  To  locate  the  sites  of  high  concentration  of  radioiodide  in  the  thyroid 
gland, 

(b)  To  locate  the  site  at  which  the  binding  Of  radioiodine  occurs  in  the 
thyroid  gland,  and  to  determine  changes  in  the  localization  of  the  I 
after  binding. 

Methods  Employed;  High  resolution  autoradiography. 

Major  Findings; 

(a)  No  new  results  this  year. 

(b)  Protein-bound  I^^^  (PBI^^^)  first  appears  in  the  thyroid  in  the  jojloid 
at  less  than  11  seconds  after  injection  of  radioiodide.    The  PBI  '^    is 
at  first  localized  to  the  periphery  but  in  the  course  of  10  or  15  minutes 
becomes  uniformly  mixed  in  most  of  the  follicles.    The  rate  of  mixing 
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varies  from  follicle  to  follicle,  and  in  a  small  per  cent  of  the  follicles 
it  is  not  uniformly  mixed  even  after  one  hour.    Nembutal  anaesthesia 
prior  to  radioiodide  injection  markedly  inhibits  the  mixing  process. 
In  the  mouse  some  follicles  are  non -functional  and  do  not  bind  I^^^. 
On  the  other  hand  in  the  rat  all  follicles  appear  to  bind  I^^l  ^ii  the 
time. 

131 

Significance  to  Cancer  Research;   The  appearance  of  PBI        in  the  colloid  and 

not  in  the  cell  offers  an  explanation  for  why  thyroid  tumors  which  do  not 
have  colloid  do  not  accumulate  I^^^. 

Proposed  course  of  Project;   Change  in  emphasis  to  localization  of  radiodide. 
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So  Ho  Wollman  and  lo  Wodinskys    Localization  of  protein -bound  I        in  the 

the  thyroid  gland  of  the  mouse.    Endocrinology:   In  press,,    Probable 
date  of  appearance,  January  1955, 
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PROJECT  IffiSCRIPTIOS 

Objectives;     The  objective  of  this  project  is  to  determine  the  in  vivo  ffl  of 
tumors  under  different  experimental  conditions. 

Methods  Employed;     Following  anesthesia,  3  fine  tipped  capillary  electrodes 
were  inserted  into  the  tumor  of  each  rat,  3  rats  being  investigated 
simultaneously,  and  the  pH  was  recorded  by  automatic  equipment  over  a 
period  of  18  hours.     After  an  initial  steady  state  had  been  attained  an 
injection  of  one  of  the  numerous  sugars  was  usually  made. 

Themocouples  have  been  used  in  the  latter  part  of  the  year  to  record 
tumor  and  body  temperatures.     A  heating  device  has  also  been  installed 
to  hold  the  rats'  body  ten?)erature  more  nearly  constant  during  the  period 
of  observations. 

Major  Findings:  Maintenance  of  the  body  temperature  to  nearly  the  normal  value 
has  but  a  slight  effect  upon  the  pH  drop  of  tumor  on  glucose  injection  but 
it  speeds  v^  the  recovery  to  normal  value  following  the  drop  in  pH. 

A  slight  drop  in  pH  of  the  normal  muscle  following  sugar  injection  has  been 
consistently  noted.     This  drop  is  not  specific  to  glucose.     Following  the 
drop  the  recovery  is  also  speeded  up  by  warming  the  animal. 

It  has  been  found  that  more  divergent  pH  values  are  obtained  near  the 
periphery  of  a  tumor  than  at  the   central  region. 
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Significance  to  Cancer  Research;     The  pH  of  a  tissue  is  one  of  its  basic 
properties,  and  where  this  pH  deviates  from  the  normal,   as  in  a  tumor, 
the  detailed  stucfy  of  these  changes  are  essential  to  an  understanding 
of  tumor  chemical  processes. 

Proposed  course  of  project;     The  continuation  of  this  study  requires  the 
measurement  of  large  numbers  of  animals  to  make  any  conclusion 
statistically  significant,  particularly  conclusions  concerning  small 
effects.     It  is  planned  to  continue  measvirements  directed  towards  de- 
termining pH  gradients  from  the  central  core  of  the  tumor  (often 
necrotic)  to  the  normal  zone  outside  the  tumor.     More  information  is 
also  needed  concerning  the  nature  of  the   small  pH  drop  of  normal  tissue 
folio vang  sugar  injection. 
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9.  PROJECT  DESCRIPTION 

Objectives;  The  objective  of  this  project  is  to  isolate,  fractionate, 
characterize  and  conq^are  nucleic  acids  and  nucleoproteins  of  various 
normal  and  malignant  tissues. 

Methods  Employed;  Nucleic  acids  and  nucleoproteins  are  isolated  from  tis- 
sues  by  a  variety  of  mild  methods  and  their  properties  are  investigated 
by  numerous  procedures  which  have  included  ultraviolet  spectrophotometry, 
electrophoresis,  high  speed  cenbrif ugaticn,  electrometric  titration, 
viscosimetry,  and  determination  of  susceptibility  to  degradation  by 
acid,  alkali,  heat  and  specific  enzymes* 

Major  Findirgs;  A  substantial  portion  of  the  calendar  year  was  occupied 

in  closing  the  activity  in  San  Francisco,  moving  to  Bethesda  and  setting 
up  a  laboratory  here.  Results  during  this  year  include  the  development 
of  micro-methods  for  investigating  the  changes  that  occur  on  mild  de- 
naturation  of  nucleic  acid  and  nucleoproteins  ly  acid,  alkali  or  heat 
and  the  application  of  the  methods  to  the  desoxypentose  nucleic  acids 
of  mouse  lymphoma  and  calf  thymus.   The  findings  support  the  concept 
that  the  desoxypentose  nucleic  acid  of  a  single  tissue  consists  of  a 
heterogeneovis  mixtiure  of  related  substances  vriiich  differ  in  their 
susceptibility  to  denaturation. 
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Significance  to  Cancer  Research;     The  significance  of  this  project  to  cancer 
research  3ies  in  the   contributions  it  may  make;     1)     To  an  understanding 
of  the  nature  and  properties  of  the  nucleic  acids  and  nucleoproteins  of 
malignant  tissues,  and  2)   To  determining  whether  and  if  so,   in  what  re- 
spects,  these  important  components  of  the  cell  may  differ  among  various 
normal  and  malignant  tissues.     It  is  to  be  expected  that  the  isolation 
and  characterization  of   the  nucleic  acid  con^^onents  will  be  useful  in 
further  studies  of  their  metabolism,   and  of  their  interaction  with  such 
agents  as  radiation,   carcinogens  and  chemotherapeutic  coirgjounds. 

Proposed  course  of  project;     The  proposed  course  of  this  project  for  the 
next  year  mainly  involves  an  extension  of  what  has  been  outlined  above 
along  the  following  lines;     a)     Isolation  and  fractionation  of  nucleic 
acids  and  nucleoproteins  from  tumors  and  normal  control  tissues; 
b)  fvirther  development  of  physico  chemical  methods  of  characterizing 
these  Eubstancesj   c)  further  studies  of  the  depolymerizing  enzymes  of 
these   tissues  and  d)  xose  of  such  physico  chemical  mettiods  and  of  the 
specific  enzymes  to  characterize  these  nucleic  acids  and  nucleoproteins. 
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Objectives;     The  overall  objective  of  the  program  is  to  accomplish  a  continuous, 
accurate  measure  of  the  ener©'  exchanges  of  experimental  animals.     The  imme- 
diate objective  for  the  past  three  years  has  been  the  construction  of  new 
instruments  ^fhich  will  give  an  accurate,  continuous  measure  of  the  gaseous 
exchanges  of  animals  under  study, 

^fethods  Employed;     Not  applicable. 

Major  Findings;     Ihulng  the  two  previous  years  our  research  development  program 
had  led  to  the  construction  of  two  pilot  instruments  which  were  considered 
satisfactory  for  application  in  the  study  of  energy  metabolism  of  experimental 
animals  and  possibly  human  subjects* 

The  first  of  these  instruments  had  been  designed  solely  for  use  with  small 
expeiiiaental  animals.     Ihe  instrument  was  in  routine  use  s^proximately  l60 
days  during  the  first  6  months  of  the  year  in  the  stucty  of  the  energy  meta- 
bolism of  x-irradiated  rats.     During  this  period  only  three  rats  were  studied 
since  only  one  animal  could  be  studied  at  a  time.     The  data  obtained  on  this 
small  group  will  not  be  listed  here  except  to  say  that  accurate  energy  balance 
could  be  obtained  over  prolonged  experimental  periods  and  that  basically  the 
design  of  the  instrument  was  satisfactory.     The  routine  use  of  the  instrument 
during  this  period  pointed  vp  both  major  and  minor  objections  which  limited 
the  valve  of  the  instrument.     It  was  obvious  that  it  would  take  a  very  long 
time  to  accumulate  a  volume  of  data  and  any  ejqpansion  of  the  program  would 
iKcessitate  conqslete  duplication  of  all  components.     Thus,  to  obtain  adequate 
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facilities  would  mean  high  costs.     A  further  major  objection  stemmed  from 
the  amount  of  personnel  time  necessary  for  the  routine  processing  of 
the  data  being  obtained,     ikny  expansion  of  the  progrsm  would  demand  too 
much  in  the  w^-  of  extra  personnel.     Discussions  with  the  Chief  of  the 
Radiation  Branch  and  the  Scientific  Director  led  to  the  decision  to 
incorporate  some  of  "the  newer  developments  in  con5)uter  instrumentation 
into  the  recording  system.     Accordingly  an  analog  to  digital  converter 
unit  (Teleducer)  was  purchased.     This  luiit  can  measure  small  D.   C, 
voltages  accurately  and  converts  these   signals  into  digital  eqviivalents 
which  are  in  turn  tabulated  into  an  automatic  electric  typewriter. 
With  this  device  the  processing  of  routine  data  is  reduced  to  two  opera- 
tions saving  considerable  personnel  time.     The  Teleducer  has  50  measur- 
ing channels  thus  affording  a  potential  animal  load  of  ten  animals 
using  5  channels  per  animal.     Time  intervals  between  readings  however 
will  reduce  the  maximum  number  of  animals  \iiich  can  be  studied  to  five 
animals. 

Because  of  electrical  interactions  between  the  Teleducer  and  the 
power  svipply  of  the  sensing  elements  there  has  been  a  delay  in  com- 
pleting the  new  instrument.     The  high   sensitivity  of  the  Teleducer 
places  stringent  requirements  on  electric  noise  level  of  the  power 
supply.     We  have  determined  that  conventional  regulated  D.C,  power 
supplys  are  not  satisfactory  in  this  application  and  that  a  develojanent 
program  will  be  needed  to  put  the  instrument  on  regulated  line  opera- 
tion.    It  was  decided  that  this  development  study  would  be  deferred 
and  the  instrument  operated  by  a  battery  supply.     The  battery  supply  is 
now  in  use  and  appears  to  be  quite  satisfactory  and  probably  can  be 
continued  indefinitely.     The  initial  standardization  and  calibration 
studies  vhich  have  just  been  completed  indicate  that  this  instrument 
will  be  accurate  and  reproducible.     It  is  expected  that  the  instrvanent 
will  be  in  routine  operation  in  January  1955. 

The  second  instrument,  origina3Jy  intended  for  clinical  use,  consisted 
solely  of  a  coupled  analyzer  and  recorder  assembly.     This  instrument 
was  initially  designed  as  a  compromise  unit  in  that  analyzer- recorder 
assembly  c ould  be  used  with  either  human  subjects  or  e:q)eriraental 
animals  by  use  of  the  necessary  flow  and  sampling  system. 

Because  of  the  many  technical  problems  niiich  are  certain  to  arise  in 
any  human  subject  spplication  it  was  decided  that  the  initial  use  of 
the  instrument  should  be  with  e:q)erimental  animals.     In  this  way   the 
basic   design  could  be  critically  tested  and  pertinent  performance  data 
could  be  obtained.     According,  the  instrument  has  been  constructed  as 
a  self  contained,  portable  machine.     An  intensive  calibration  program 
has  been  finished  which  has  uncovered  a  few  minor  errors  in  design 
■vAiich  we  believe  have  na\i  have  been  corrected.     There  seems  little 
doubt  that  this  instrument  is  satisfactory  for  use  in  the  physiological 
studies  for  rfiidi  it  was  designed.     The  instrument  is  now  being  put 
in  routine  use. 
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During  this  year  a  second  analyzer-recorder  assembly  has  been  re- 
ceived and  this  is  now  being  assembled  into  an  animal  instruitent. 
It  is  estimated  that  calibration  of  the  instrument  will  begin  in 
January, 

It  should  also  be  noted  that  the  two   "clinical"  machines  can  be  con- 
verted whenever  necessary  f or  clinical  use. 

A  major  problem  i^ich  we  believed  solved,   that  has  dela^-ed  the  program, 
is  that  of  calibration  of  the  instruments  in  terms  of  an  absolute 
scale.     To  this  end  we  constructed  an  alcohol  lamp  which  coupled  with 
mass  spectrometric  analytical  techniques  afford  a  rather  accurate 
basis  for  calibration. 

Significance  to  Cancer  Research;  By  these  measurements  it  is  hoped  that 
the  energy  balance  aspects  of  x- irradiated  animals  and  tumor-bearing 
animals  can  be  accurately  quantitated. 

It  is  felt  that  such  knowledge  would  add  in  considerable  measure  to 
the  physiological  and  chemical  concepts  of  the   nature  of  physiological 
injury  and  tumor  growth. 

Proposed  course  of  project;     We  believe  that  the  initial  phase  of  this 
development  program  has  been  satisfactorily  couple  ted.     It  is  now 
planned  that  the  instruments  will  be  put  in  routine  use  for  data  col- 
lection.    It  is  also  contemplated  that  the  second  phase  of  the  develop- 
ment prograiTi  will  now  get  underway,  namely  that  of  building  direct 
calorimeters. 
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6.  Study  of  the  Radiochemical  Decomposition  of  p-OH  Aliphatic  Organic  Acids. 
PROJECT  T1TI£ 


A.  W.  Pratt 

PRIKCIPAL  INVESTiaATCR(S) 


Miss  F.  K,  Putney 


OTHER  mVESTiaATORS 


PROJECT  raSCRIPTIOH 


Objectives;     To  elucidate  one  of  the  spe  cif ic  chemical  mechanisms  bj  which 
important  biological  compounds  undergo  radiochemical  decomposition  in 
relation  to  products  formed.     In  this  case:     the  formation  of  ji-keto 
acids  from  p-hydroxy  acids. 

Methods  Employed;     The  usual  analytical  chemical  methods. 

Major  Findings;     It  has  been  found  that  dissolved  molecular  oxygen  has  a  speci- 
fic directing  influence  on  the   radiochemical  decon^josition  of  some  fi- 
hydroxy  aliphatic  organic  acids  in  aqueous  solution.     We  have  been  study- 
ing malic  acid,  {d-OH  butyric  acid  and  citric  acid. 

V/ith  malate  and  p-OH  butyratey  systems  our  data  demonstrate  that  the 
initial  radiochemical  reaction  is  dehydrogenation  of  the   solute  molecule 
by  the  OH  radical.     Because  a  high  yield  of   the  corresponding  f>-keto 
acid  is  obtained  it  must  be  concluded  that  a  chemical  reaction  of  mole- 
cular oxygen  and  the   solute  radical  for  foim  or gano -per oxide  inter- 
mediates occurs. 

Formation  of   this  organo-peroxide  intemediate  allows  the  loss  of  a 
second  hydrogen  atom  thus  allowing  the  carbon  to  carbon  structure  to 
remain  intact. 
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Studies  with  citrate  indicate  a  similar  mechanism.     However,  a  more 
stable  organo-per oxide  intermediate  is  fonned  which  very  slovdy  breaks 
down  to  give  an  as  yet  unknown  compound.     A  considerable  number  of 
compounds  have  been  ruled  out  in  attempts  to  identify  this  end  product. 
Identification  studies  will  continue  until  some  explanation  of  the 
mechanism  can  be   given.     No  attempt  is  being  made  to  obtain  a  quanti- 
tative radiochemical  balance  betvjeen  coii5)ounds  foimed  and  solute  de- 
stroyed. 

Studies  in  non-o:jQrgenated  solutions  conclusively  reveal  that  totally 
different  mechanisms  are  involved  in  the  radiochemical  decomposition 
of  the   solute  under  study. 

Significance  to  Cancer  Research;     Knowledge  regarding  the  specific  chemical 
mechanisms  by  which  ionizing  radiation  may  decompose  biological  com- 
pounds in  aqueous  solution  should  contribute  greatly  to  the   understanding 
of  the  physiological  effects  of  ionizing  radiations. 

These  studies  are  of  importance  too  in  that  they  provide  another  means 
of  studying  the  behavior  of  organo-per oxide  compounds  which  appear  to 
be  of  considerable  importance  in  biochemical  function. 

Proposed  course  of  project;     The  purpose  of  the  studies  is  to  determine  the 
general  mechanism  involved  in  the  oxygen  directed  radiochemical  reac- 
tions.    When  identification  of  the  citrate  compound  is  established  it 
is  doubtful  that  this  work  will  be  continued. 
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6.     Studies  on  the  Low  Temperature  Recovery  of  X-irradiated  E.   coli  Cells. 
PROJECT  tITLS 


7.  A,  W,  Pratt 

PRINCIPAL  INVESTIGATCS^CS) 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Objectives;     Studies  on  the  low  temperature  recovery  of  x-irradiated  E.   coli 
cells.     The  actual  experimental  results  were  obtained  during  a  previous 
reporting  period.     During   this  reporting  period  we  have  completed  a 
mathematical  analysis  of  "Oie   results  which  within  limits  defines  the 
magnitude  of  the  various  processes  ^diich  result  in  the  e3q)eriinentally 
observed  survival  ratios. 

Metnods  Employed;     Routine  methods  used  in  the  stu<fy. 

Major  Findings;     It  was  concluded  that; 

(1)  A  depressed  metabolic  rate  following  x-irradiation  exposure  will 
serve  to  arrest  the  lethal  effects  of  x-irradiation  in  a  large 
number  of  cells,  and  with  time  of  storage  in  the  cold  a  significant 
number  of  cells  can  recover  tiie  vital  function  of  cell  division. 

(2)  The  recovery  mechanism  is  intrinsic  in  the  cell  —  the  best  re- 
covery response  is  obtained  in  the  presence  of  a  complete  media. 

Significance  to  Cancer  Research;     The   significance  of  these  findings  relates 
to  the  overall  general  radiobiology  program  of  the  Institute  in  atteiopt- 
ing  to  define  the  response  of  biological  specimens  to  ionizing  radiation. 
The  analysis  is  important  in  that  it  demonstrates  the  practicability  of 
constructing  a  working  hypothesis  which  can  experimentally  be  rigorously 
tested  thus  affording  another  method  for  definition  of  mechanism. 

Proposed  course  of  project;     No  further  work  is  contemplated. 
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VIDING HJNDS,  FACILITIES,  (2R  PBRSCSJNEL  F(»  THIS  PROJECT  IN  EITHEK  1955  or  I956: 


None 


X.      IF  THIS  PROJECT  RESEMBLES,  COMPLEMENTS,  CE  PARALLEI5  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WiraO^T  INTERCHANGHS  OF  PERSONNEL,  FACILITIES  CR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


None 
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1^:     PUBLICATIONS  OTHER  THAR  ABSTRACTS  WOi  THIS  PROJECT  DURING  CALENDAR  YEAR  195^ 


A.  W,  Pratt,  W,  S.  Moos  and  M,  Eden:     Study  of  recovery  at  low  temperature 
of  x-irradiated  E,   coll  Cells.     J.   Nat.   Cancer  Inst.     In  press. 
Probable  date  of  appearance,  February,  1955. 


If:     HOJORS  AND  AWARDS  TO  MBSaiNEL  RELATING  TO  TOIS  PROJECT  DtBINO  CAI£NDAB  YEAR 

195l^: 
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SECnOM  C»  SEKVICE  IOCATICN  (IF  OffHER  THAN  BETHB^aT     'li^IAL  NcT 


6,     Mass  Spectrometer  program 
mOJECf  TITLE  """ 


W.   C.  White 

PRINCIPAL  I»VESnGATOR(S) 


A.  ¥.  Pratt 


OTHER  INVESTIGATORS 

PROJECT  DESCRIPTIOH 

Objectives; 

(1)  The  instrument  is  in  continuous  routine  use  for  calibration  and 
monitoring  of  the  energy  metabolism  instruments. 

(2)  The  research  program  for  the  mass  spectrometer  is  devoted  to  the 
study  of  the  deviations  in  the  effusion  rate  of  gases  from  that 
predicted  by  Graham's  Law.    (Graham's  Law  states  that  the  effusion 

'  rate  of  a  gas  is  proportional  to  the  square  root  of  molecular 
weight). 

We  hope  that  the   determination  of  unknown  gases  obtained  from  biologi- 
cal systems  in  minute  quantities  may  be  accurately  accomplished  by 
mass  spectrometric  techniques. 

Methods  Employed;     Mass  spectrometric  techniques. 

Major  Findings:     It  was  found  in  the  determination  of  the  molecular  weight 
of  gases  by  measuidng  their  effusion  rates  in  the  inlet  system  of  the 
mass  ^ectrometer  that  the  rates  of  diffusion  of  various  gases  were  not 
constants  over  the  range  of  pressures  from  1  to  100  microns.     Such  be- 
havior prevents  the  exact  determination  of  the  molecular  weight  of 
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unknown  gases  obtained  from  biological  systems.     The  effusion  rate  was 
shovm  to  agree  with  Knudson's  empirical  formula: 

T  »  ap  +  b  ^  "^  ^1^      ^ere 
1  +  C2P 

T  «  In  Pi  -  In  P2 
t2  -  ti 

p  =  pressure 

^1^*^1  *"^  ^2  ^^^  constants. 

When  the  effusion  rates  are  extrapolated  to  zero  pressure  the  molecular 
weights  and  effusion  rates  agree  with  Graham's  Law. 

Significance  to  Cancer  Research;     By  these  basic  physical  stxidies  we  are 

attempting  to  utilize  the  considerable  potential  of  the  mass  spectrometer 
in  biological  research.     We  may  also  be  able  to  aid  in  the  further  de- 
finition of  a  fundamental  physical  law. 

Proposed  course  of  project;     We  will  continue  to  accumixlate  effusiometric 
data  on  gas  systems  including  those  related  to  biological  systems. 
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REVIEW  &  APPROVAL  £J 
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IX  COOPER  AT  JTO  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  CBR  CIHER  CBGAHIZATICWS ,  PRO- 
VIDING FJKDS,  FACILITIES,  ^   PERSOHIEL  P(»  THIS  PROJECT  IN  EITHER  1955  or  I956: 


None 


DT  IF  THIS  PROJECT  RESEMBLES,  CCMPI£MBSTS,  CR  PARAUBIfi  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEA.LTH  SERVICE  (WITHOUT  INTERCHAKSffi  CF  PERSCMNEL,  FACILITIES  CR 
FUNDS),  IIBRTIFY  SUCH  RESEARCH: 


None 
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6.    Effects  of  Radiation  on  Central  Nervons  System 


PROJECT  TITLE 


Howard  L.  Mdrews  and  Kirkland  C,  Brace 


PRINCIPAL  INVESnOATORCS) 

None 


OTHER  INVESflOATOHS 

PROJECT  DIESCRIPTKH 

Ob.iectives;     To  study  the  effects  of  radiation  on  the  central  nervous  system. 

Methods  employed;     Animals  will  be  given  relatively  high  doses  of  X-rays  of 
various  siergies  so  that  the  depth  dose  delivered  to  low  lying  centers  can  be 
varied.     Results  of  the  irradiation  Td.ll  be  studied  ly  the  electroencephalograph 
and  by  the  determination  of  various  sensory  thresholds.     The  action  of 
pharmacologic  agents  will  also  be  studied, 

Ma.1or  findJJi^ss     We  have  shown  that  pentobarbital,   given  before  a  radiation 
dose  of  7 J 500  r,  completely  suppresses  the  convulsions  regularly  seen  at  this 
dosage,  and  lengthens  the  survival  time  from  about  20  to  80  hours.     With 
pentobarbital  the  7,500  r  animals  appear  identical  with  those  \mtreated  and 
receiving  5>000  r  or  less.     Even  at  15,000  r  pentobarbital  eliminates  all 
signs  of  hyperexcitability  and  increases  the  survival  time  from  17  to  39  hours, 
Diphenyl  hydantoinate  is  equally  effective  in  suppressing  postradiation  con- 
vulsions, but  has  only  a  sli^t  effect  on  survival  time.     Morphine,  cysteine 
and  lecithin  are  without  effect  on  either  the  symptoms  or  the  survival  time. 

Sigiificance  to  Cancer  research;  Any  information  on  the  biological  effects  of 
radiation  should  lead  to  a  better  understanding  of  the  mechanisms  of  radiation 
therapy, 

ProDosed  course  of  pro.iect;     By  altering  the  deptii  dose-sicin  dose  ratio,  to 
attempt  to  localize  areas  in  the  brain  or  brain  stem  responsible  f or  tiie  observea 
symptoms.     Pharmacological  agents  and  studies  on  sensitivity  thresholds  rail 
also  be  of  help  in  determining  areas  of  greater  or  less  radiation  sensitivity, 
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REVIEW  &  AITROVAL   /]7 
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TECHNICAL  ASSISTANCE  [J 


13.  C00PER;iT:.7:G  limits  of  the  public  health" service,  CR  other  CRGANIZATICafS,  PRO- 
VIDING F'JKDS,  FACILITIES,  CR  PERSOiOIEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 


None 


iK.      IFTHIS  PROJEC*  RESEJteLES,  COMPtEMEKTST  CE  PARALLELS  RESEARCH  WM  ELSEWHERE 
IN  THE  PUBLIC  HEA.LTH  SERVICE  (WITHOUr  ItlTERCHANGE  OP  PERSORNEI.,  FACILITIES  OR 
FUNDS )^  IDENTIFY  SUCH  RESEARCH: 

None 
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W.     PUBLICATIMB  OTHEK  THAN  ABSTSACTS  FRCti  THIS  PROJECT  DURING  CALENDAR  ^EAR  195i+: 

Modification  of  the  Early  Radiation  Death  in  Guinea  Pigs.  Howard  L.  Andrews, 
Kirkland  C.  Brace  and  Ervin  J.  Liljegren.  Submitted  to  Proc.  Soc,  Exp.  Bio3.. 
and  Med» 


17:  HQRQIS  AW)  AWARDS  TO  PERSCKKEL  RELATING  TO  THIS  FROJECT  DORIKO  CALENDAR  TQEAR 
I95U: 


None 
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6.  Biological  Effects  of  Radiation  at  Hl^  Dose-Rates 
H^aiECT  TITLE 


Howard  L»  Andrews  and  Kirkland  C«  Bface 
PRINCIPAL  IKVESTCaATOR(S)  ~ 


Ra^Tnond  E«  Murphy 
OTHER  INVESTIGATORS 


PROJECT  IffiSCRIPTIOH 

Objectives;     To  establish  similarities  or  differences  between  the  biological 
effects  of  radiation  given  at  normal  rates  (50-100  r/min.)  and  the  effects 
ighen  given  at  dose  rates  of  1,000  r/min  or  more. 

Methods  employed;     Using  the  3  Mev  generator  the  entire  dose  range  from  28  day 
lethal  to  perhaps  100  times  lethal  will  be  in-vestigated.     Survival  times, 
mortality  data,   and  other  pertinent  physiological  variables  will  be  studied. 

Ma>ior  findings;     A  new  project. 

Significance  to  Cancer  research;     The  effects  of  high  dose  rates  are  unknovm 
because  all  hitherto  available   sources  have  outputs  falling  in  a  rather  lim3.ted 
range.     There  may  be  nothing  worthwhile  in  high  dose-rate  therapy  but  its 
possibilities  should  be  explored. 

Fl'oposed  course  of  project;     When  methods  of  accurate  dosijtietry  are  developed 
mice  and  guinea  pigs  id.ll  be  exposed  to  from  ^00  to  $0,000  r  of  X-rays  given 
at  a  variety  of   dose  rates  from  100  r/min.  to  the  maximum  possible.     The 
animals  will  be  studied  by  established  methods  and  compared. 
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RESEARCH  ^ 
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13.  cooPERi"vT".ri:G  lthts  of  the  public  kalth  service,  cr  other  CRGANIZATIQRS,  FRO- 

VIDING  FUNDS,   FACILITIES,   OR  PERSCMKEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  1956: 
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iir      IF  THIS  FROJEdP  RfeSEMBIJES,  COMPlMslfS,  CR  PARALL&B  ffflSEARCH  DONE  ELSEWHERE 
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FUNDS),   IDENTIFY  SUCH  RESEARCH: 


None 
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Early  Radiation  Death  in  Guinea  Pigs 
PBOJECT  TITLE  *~~" 


K»  G.   Etrace  and  H.  L.   AndrexJs 
"  PRIHCIPAJ.  IWWESTIGATOR(S) 


E.   C.  Thompson 


OTHER  INVESTIGATORS 

PROJECT  DESCRIPTION 

Objectives;     To  study  the  effect  of  massive  doses  of  radiation  and  determine 
the  cause  of  death. 

Methods  emplo^'-edt     Guinea  pigs  were  exposed  to  whole  bocb''  X-irradiation  at 
doses  bet^ireen  1,000  and  25*000  r  at  a  constant  dose  rate  of  $Q  r  per  minute. 
The  effects  of  the  radiation  were  followed  with  electroencephalograms, 
electrocardiograms,   complete  blood  counts,  blood  chemistry  and  survival  time. 

Ma.1or  findings;     There  is  a  sharp  transition  in  survival  time  at  a  dose  of 
6/000  r.     At  doses  less  than  6,000  r,  the  survival  time  exceeds  100  hours. 
Doses  greater  than  6,000  r  cause  dea-th  in  less  than  J^  hours.     Irradiation 
of  the  head  only  produced  the  same  effects  as  -whole  body  e:q:?osure.     There  is 
a  severe  granulocytosis  during  the  first  few  hours  after  exposure  but  there 
are  no  significant  changes  in  the  blood  chemistry. 

Significance  to  Cancer  research;     The  brain  has  long  been  considered  to  be 
insensitive  to  irradiation.     Tliis  work  shows  that  there  is  a  direct  effect 
of  radiation  on  the  central  nnrvous  system  i<hlch  may  be  the  cause  of  death. 
This  sensitivity  of  the  central  nervous  system  to  radiation  is  important  in 
tlie  treatment  of  cancer  in  this  area. 

Proposed  course  of  project;     A  portion  of  the  next  year  mil  be  devoted  to 
detenriiriinc;  T-ihat  part  of  the  brain  constitutes  the  sensitive  area.     We  expect 
tc'  locally  irradiate  various  areas  to  detenrdne  ^ich  is  the  most  sensitive.  Bie  sticjr 
)f  neuropathology  of  radiation  has  been  started  and  ;rill  contiiiue  on  during  the 
next  year. 
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Vf.    nascsis  and  awards  to  pssohhel  relatiikj  to  this  project  dorihg  caiekdar  iear 
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6.  Life  Span  of  Mie   Turtle  Erythrocyte 
KIOJECT  TITLE 


K.  C.  Brace  and  P.  G.  Altland 


PRINCIPAL  Il»VESTiOATOR(S) 


OTHER  IHVESTIGATORS 


PROJECT  DESCRIPTIOK 

Objective;     l-feasureiTient  of  the  life  span  of  the  turtle  erythrocyte. 

Methods  employed;     The  turtle  erythrocytes  were  incubated  in  vitro  tjith 
glycine-2-C-^*  to  determine  if  the  glycine  is  utilized  in  the  poikllotherras 
similar  to  the  homoioUierms.     The  uptake  and  incorporation  of  glycine  into 
the  erythrocytes  was  determined  by  measuring  the  radioactivity.     Glycine 
was  injected  intraperitoneally  into  the  turtles  and  the  specific  activity 
of  the  erythrocyte  determined  at  various  intervals  thereafter. 

Major  findings;     The  life  span  of  the  turtle  as  determined  by  this  method 
exceeds  11  months.     This  far  exceeds  the  Idi^e  span  of  any  of  the  horaoiotherras 
that  have  been  measured* 

Significance  to  Cancer  research;     This  finding  ejqslains  the  peculiar  resistance 
of  the  turtle  erythrocyte  to  X-irradiation. 

Proposed  course  of  project;     We  plan  to  extend  this  study  to  a  species  of  the 
amphibian  to  detenrdne  if  this  long  life  span  is  characteristic  of  all 
poikilo therms  . 
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6.  Change  in  Tissue  Constituents  ty  Radiation 


PROJECT  TrPIS 


7.  Howard  L«  Andrews  and  Ervin  J.  Liljegren 
PRINCIPAL  INVESTIGATCB(S) 


8.  none 


OTHER  INVESTIGATORS 


PRO»SECT  IffiS(3?IPTlQN 

Ob.jectives;     To  determine  the  changes  in  amino  acid  concentrations  produced 
in  various  body  tissues  by  X-irradiation. 

Methods  employed;     Using  separation  columns  and  paper  chromatography  assays 
of  various  tissues  will  be  made  for  a  series  of  amino  acids.     Radiated  and 
normal  animals  will  be  compared. 

Ma.ior  findings;     F!reliminary  experiments  indicate  substantial  changes  in  these 
concentrations. 

Sigiificance  to  Cancer  research;     Any  increase  in  knowledge  of  the  biological 
effects  of  radiation  is  of  interest  in  radiation  therapy. 

Proposed  course  of  project;     The  next  year  should  see  considerable  progress 
and  results  on  a  large  number  of  amino  acids  and  tissues  are  to  be  expected. 
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VIDING  FUNDS,  FACILITIES,  CR  PERSOINEL  FCR  THIS  PROJECT  IH  EITHER  1955  or  1956: 

None 


nr      IF  THIS  PROJECT  RESiiMBLES,  COMPLEMEKTST-ffiTA^imS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLTQ  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  (F  PERSONNEL,  FACILITIES  CR 
FUNDS),   IDENTIFY  SUCH  RESEARCH: 


None 


NO  ENTRIES  FOR   15,   16  &  Y^ 
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6.     Dosimetry  of  high  intensity  3  Mev  X-rays. 
PROJECT  TITLE  '  ~" 


Howard  L.  Andrews 


PRINCIPAL  INVESTIGATOR CS) 
Raymond  E«  Murphy 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Objectives;  To  develop  methods  for  measuring  the  X-radiation  produced  by  the 
3  Mev  Van  de  Graaff  generator. 

lyiethods  employed!  Exact  methods  must  be  determined.  It  is  proposed  to  start 
by  a  comparison  of  chemical  dosimeters,  photographic  emulsions  and  ionization 
chambers. 

Ma.1or  findings;     This  is  a  new  project.     The  only  work  done  so  far  has  involved 
putting  the  generator  into  i^rkable  form. 

Sifflificance  to  Cancer  research;     This  has  only  a  secondary  significance  by 
making  possible  quantitative  measurements  of  radiation  which  will  be  of  possible 
interest  in  cancer  therapy. 

Proposed  course  of  project;     It  is  hoped  that  ionization  chambers  can  be 
developed  to  measure  the  X-ray  intensities  anticipated  fi^m  this  generator. 
Chemical  dosimeters  appear  to  be  dose-rate  independent,  but  are  not  easy  to 
handle  for  routine  dosimetry.     They  can  be  used  as  a  standard  with  which  other 
instrunKnts  can  be  compared.     If  satisfactory  methods  can  be  devised  depth   ^ 
dose  studies  will  be  carried  out  with  the  3  Mev  beam  and  the  dosimetry  of  high 
intensity  pulses  will  be  investigated. 
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IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  UnERCHAHCffi  OP  PERSCMNEL,  FACILITIES  OR 
FUNDS),   IIENTIFY  SUCK  RESEARCH: 


PAGS  1 
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1.    National  Cancer  Institute  2.    Radiation  Branch 

INSTI3UTE  "HS^ATCRY  CR  BRANCH 


3 .    General  Radiobiology  Section        l^ ,  c    .^y  /    /  a-  ^ 

SECTIOH  OR  SERVICE  IMinm  (2?  OTHER  THAN  BBTHESDAy     'fesTNo' 


6,    The  effect  of  ioni.2iing  radiation  on  amino  acids* 
PROJECT  TITLE       '.  ~"°       """""        ~" 


7,  Charles  R.  Maxwell 

PRINCIPAL  INVESTIGATOR(S) 

8,  Dorothy  C.  Peterson 


OTHER  INVESTIGATORS 


PROJECT  INSCRIPTION 

Objective;     The  objective  of  this  project  is  to  determine  the  mechanism  of  the 
chemical  reactions  induced  by  ionizing  radiation  in  aqueous  solutions  of 
amino  acids.     This  is  part  of  a  long  range  program  to  accumulate  information 
on  simple  systems  of  biological  intei^st  so  that  general  principles  may  be 
ascertained  and  applied  to  complex  systems  viiich  are  not  amenable  to  thorough, 
direct  investigation. 

Methods  employed;     Solutions  of  amino  acids  are  irradiated  with,  ionizing 
radiation  and  then  analyzed  for  the  products  formed*     Since  the  products  are 
sensitive  to  radiation  it  is  necessary  to  determine  the  yield  of  each  product 
as  a  function  of  dose  to  as  low  a  dose  as  possible  and  to  extrapolate  these 
values  to  obtain  the  initial  yield  cf  the  product  at  very  low  doses  before 
secondary  reactions  distort  the  picture. 

Most  of  the   study  is  done  with  ^0  KV  X-rays  as  the  ionizing  radiation. 
The  effect  of  dose  rate  and  ion  density  is  investigated  by  irradiating  with 
electrons  and  alpiia  particles,     ft-otons  and  neutrons  will  probably  be  used 
in  the  future. 

Major  findings;     The  yield-dose  data  for  Hg  and  COg  has  been  completed  this 
year.     These  data,  plus  the  data  obtained  previously,  have  enabled  us  to  malce 
a  material  balance  on  the  irradiated  solutions  and  to  propose  four  gross 
chemical  reactions  to  account  for  the  observed  effects.     These  reactions  seem 
to  completely  describe  the  effect  on  glycine  but  there  seems  to  be  an 
additional  unkno^jn  reaction  occurring  with  alanine. 

The  initial  chemical  effect  produced  by  l60  KV  electrons  at  a  dose  rat«  of 
2,500,000  r/min.  and  ^0  KV  X-rays  at  a  dose  rate  of  1,600  r/min.  has  been 
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shoT-m  tc  be  the  ssjie.     The  role  of  secondpxy  effectp  i^rith  Ic-a^ge  coses  is, 
however,  qxiantitati'vely  different, 

A  large  part  of  the  year  has  been  spent  in  developing  and  becorrdng 
jrcficient  in  the  use  of  special  micro  analytical  techniques  necessary 
for  the  determination  of  the  products  fonned.     This  phase"  seems  to  be 
almost  comtilete. 

Significgjice  to_  Cancer  research;     iathough  not  dJjrectly  connected  witii 
Cancer  research,  it  is  of  great  interest  because  it  seeks  an  understanding 
of  the  laechanisrii  for  the  effects  of  radiation  which  is  used  empirically 
as  a  tool  in  the  clinical  treatment  and  laboratory  studj-  of  cancer. 

Frcposed  course,  of  pro.-iect;     The  work  j.n  Fiscal  1956  i-all  be  a  continuation 
cf  the  V70rk  of  Fiscal  1955  snd  ^ri.11  be  directed  tovrard  the  elucidation  of 
the  mechanism  of  the  reactions  induced  by  radiation. 

Specifically; 

(a)  The  role  of  the  H  free  radical  >-Lll  be  investigated  by  a  completion 
of  the   studs'^  now  in  progress  on  ttie  effect  of  dissolved  oxygen. 

(b)  The  role  of  the  OH  free  radical  will  be  irn'estigated  by  a  conifJLetion 
of  the  study  now  in  progress  on  the  effect  of  dissolved  hydrogen. 

(c)  The  role  of  H2O2  (a  knovm  product  of  pure  water)  will  be  investigated 
by  irradiations  in  the  presence  of  dissolved  catalase  which  should  enzjinati- 
cally  destroy  the  HzOga 

(d)  Measurements  upon  the  influence  of  glycine  concentration  and  of 
temperature  upon  the  relative  frequency  of  the  various  reactions  will  be 
refined. 

(e)  The  study  on  the  effect  of  alpha  particles  upon  glycine  mil  be 
resumed. 
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13:     CCXPERATHKJ  units  op  the  public  HEALTH  SERVICE,   OR  OTHER  CHtimi2AT!10SSr^<!>- 

VTDING  FUNDS,  FACILITIES,   CB  PERSOHKBL  KM  THIS  PROJECT  tH  EITHER  1955  or  I956: 


or      IF  THIS  PROJECT  ifeEMBIES,  C(»iPtEMENTS ,   CR  PARAU^LS  RESEARCH  DC^Efe  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVIOE  (WITEOOT  BSTEECHAIKS  OF  PERSCNHEL,  FACILITIES  OR 
FUNDS),   IDENTIFY  SUCH  RESEARCH; 
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■16.    njBLicAnoWamR  team  absiihaus^  nm  tsib  wko^as  vmim  calehdar  ^ear  i^^ir 

The  effect  of  ionizing  radiation  on  amino  acids.     I.     The  effect  of  X-rays  on 
aqueous  solutions  of  glycine,     Charles  R.  Maxwell,  Dorothy  C.   Peterson  and 
Nonn.-an  E.   Sharpless.     Radiation  Research,  Dec.  19^h» 

The  effect  of  ionizing  radiation  on  ardno  acids.  II.  The  effect  of  X-rsys 
on  aqueous  solutions  of  alanine.  Norrnan  E,  Siarpless,  Alberta  E.  Blair  and 
Charles  R.  Maxwell.     Radiation  Research  (in  press).     Probably  out  in  Feb.  195?. 

The  effect  of  ionizing  radiation  on  amino  acids.     III.     The  effect  of  electron 
irradiation  en  acrueous  solutions  of  gLytsine.     Charles  R.  Maxwell ^  Dorothy  C. 
Peterson  and  William  C.  I-Ihite.     Radiation  Research  (in  press).     Rrobably  out 
in  Mar.  1955. 
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6.       Iimraine  reactions  in  irradiated  animals 
PROJECt  TITLE  — _ 


7.      Falconer  ScrdHi 

PRINCIPAL  INVESTI6ATQR(S) 


Marie  M.  Grenan,  H.  Jeanette  Ruth,  Hazel  P.  Guinp 


OTHER  mVESnOATCKS 


PROJECT  DESOIPTION 


Objectives;      The  objectives  in  this  project  are  (1)  to  characterise  quanti- 
tatively the  recovery  of  the  imrroane  process  follo-^ang  irradiation;  (2)  to 
deterriiine  "the  importance  of  bacterial  iniminity  in  irradiated  animals  and 
(3)  to  study  the  biological  effects  of  irradiation  on  specific  tissue 
antibodies. 

Methods  eimplo^^d;     Animals  -s-rere  immunized  before  or  after  irradiation  with 
standard  amoimts  of  antigen.     The  rates  of  antibody  production  and  peak  titers 
were  quantitatively  estimated  in  mice,  rats  and  rabbits.     Similar  tests  have 
been  carried  out  \d.Ui  mice  and  rabbits  treated  therapeutically  vatii  bone- 
marrow  and  spleen  homogenate  folloi-ang  irradiation. 

liice  and  rats  have  been  immunized  with  comnionly  occurring  enteric 
bacteria  and  the  effect  of  this  immunity  on  survival  after  LDso  to  IDeo  doses 
of  radiation  has  been  studied.     In  addition,  the  effect  of  bacterial  immunity 
on  survival  after  LD5  doses  of  radiation  in  mice  and  rats  given  experimental 
infections  was  observed, 

Guinea  pigs  have  been  immunized  with  suspensions  of  rabbit  platelets  and 
rabbits  have  been  immunized  T^dth  mouse  leucocytes.     The  resultant  antiserujr.s 
are  used  in  studjdng  the  reactions  of  the  homologous  species  after  irradiation. 

Major  findings:     The  major  findings  have  been  (1)  to  demonstrate  that  sur- 
^SviT^  rats  and  rabbits  follovring  LD50  to  LD90  doses  of  radiation  xs  inde- 
pendent of  their  capacity  to  produce  antibo<^  (F.   ar.ith  and  Gump);  (2)  pro- 
duction  of  antibody  in  mice  has  not  recovered  by  30  days  after  irradiation  (LD^) 
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even 


with  bone-Karrow  or  spleen  honogenate  Mierscpy  (F  Siiiith  and  RTith)j  (3)  that 
preirradiation  immimi-ty  to  certain  enteric  bacteria  results  in  a  marked 
protection  to  mice  and  rats  e:<perimentally  infected  after  LD5  doses  of 
radiation  but  does  not  improve  survival  in  mice  (not  ej^perimentally  infected) 
after  LD50  to  ID^q  doses  of  radiation  (F.  Smith,  W,  W,  Smith,  Gonshery  and 
Gtenan;  (U)  -'    antiserum  prepared  against  mouse  leucocytes  is  lethal  to 
normal  mice  T^ihen  injected  intravenously.     Irradiation  (ED4c)  markedly 
increases  the  sensitivity  of  mice  to  this  antiserum.     Heat  (1  h-r.  at  ^0°  C) 
destroys  the  lethality  of  the  antileucocj-te  serum  and  "absorbing  out"  with 
mouse  leucocytes  diminishes  its  potency  (F.  Smith,  Gump  and  Grenan). 

iy   Item  (li)  is  considered  confidential. 

Significance  to  Cancer  research;     Imraunodieraical  procedures  help  to  clarify 
the  nature  of  radiation  injurj''  at  the  cellular  level  and  may  also  yield 
seme  inforraation  on  the  problem  of  tissu.es  or  cells  responsible  for  the 
elaboration  of  antibodies. 

Proposed  course  of  the  project;     It  is  proposed  to  continue  the  stui^"^  of 
hemolysin  production  in  irradiated  mice  and  rabbits  using  lysed  sheep  cells 
as  antigen  (F.   Smith  and  Ruth)   and  to  obtain  additional  data  on  the  tissue 
antisei^ims  in  both  irradiated  and  normal  animals,  quantifying,  -where  possible, 
the  antigens  involved  (F.   Smith,  Gump  and  Grenan). 


PROJECT  BEPCKE  FORM  (Cont'd) 


PAGE  3 


10.  ^ICl^^^^ 
SERIAL  NO. 


XT-     BUDCET  DATA: 


ESTIMATED 
EXPliNDITURES 

BWXffilSD  PC8ITICWS 

MAN  YEARS 

PATIENT 
DAIS 

raoF 

OI^R 

TCfEAL 

PR<F 

OTHER       TOTAL 

FT  1955 

^/4  7/^ 

1 

2 

3 

f4. 

2           2  2/3 

fY  1956 

^^^A,;>.2f 

1 

3 

k 

1 

3          U 

12.  BUDGET  ACTIVITY: 


RESEARCH  ^" 

REVIEW  &  APPROVAL  [J 


ADMIHISTRATION       [J 
TECHNICAL  ASSISTAHCE  [J 


I3:  COOPER/wTIIIG  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  ORGANIZATICaJS,  PRO- 

VIDING  FUNDS,  FACILITIES,  OR  PERSCBNEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  1956: 

None 


lU.  rt"  THI'S  PROJEC*  RESEMBI^,"  CCtfft^iffiRlS,  CR  PAI^AliliB  R^EARCH  DCm  ELSEWHE^^ 
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FUNDS),  IDENTIFY  SUCH  RESEARCH: 


No  Entries  Under  15,  I6  &  17 


PAGE  k 
PROJECT  REPCRf  ?OIS«  (Cont'd) 


15.  O/c/^3^ 
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iF^^     FUBLICATIOKS  OTHER  "TEAK  ABSTRACTS  IROM  ^S  PROJECT  IXJRING  CALEHBAR  YEAR  I951+: 

Specific  Antiboctjr  Titer  and  Survival  after  Total-Body  X- Irradiation.     Rroc.  Soc. 
Exp.  Biol,   and  Med.,  85:lil2,  1951t»     Falconer  Smith  and  Hazel  P.  Gump. 

Effect  of  Imriunity  on  Resistance  to  Infection  in  Irradiated  Mice  and  Rats. 
Proc.   Soc.  E3q5.  Biol,   ajnd  Med.,  87s 23,  19^1i.     Falconer  Sinith,  Willie  W.  Smith, 
L.  Gonshery  and  Marie  M,  Gferenan. 
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Effect  of  parenterally  injected  inorganic  particulate  irritants  on  survival  of 
6.  irradiated  animals* 
PROJECT  TITLE 


7.  Falconer  Smith  and  Willie  W«  Smitii 
PRINCIPAL  INVESTiaATQR{S)  ~~" 


8.  Marie  M.  Grenan,  H»  Jeanette  Ruth,  Ho  M.  i0.derman 

OTHER  INVESTIGAT(»S      ' — 

9.  PROJECT  DESCailPTIOH 

Ob.jective;     To  study  the  effect  of  inflammation  produced  by  particulate 
irritants  on  survival  and  resistance  to  infection  in  irradiated  animals. 

Methods  employed:     Survival  rates  were  observed  in  animals  given  suspensions 
ccntaining  particulate  matter  either  before  or  after  exposure  to  midlethal 
irradiation.     Linrestone,  ca2cite,  calcium  carbonate,  quartz  and  glass 
particles  of  varying  size  and  amount  were  tested  as  to   their  effect  on 
survival.     Lethally  irradiated,  particulate  treated  mice  were  studied  for 
evidences  of  altered  differential  leucocjrte  counts  in  the  blood  or  peri- 
toneal exudate  and  for  infecting  organisms,  vdiile  sublethally  irradiated 
mJLce  xvere  experimentally  infected  with  Pseudomonas  and  ficoteus. 

Major  findings;     Intraperitoneal  injections  of  inorganic  particulate  matter 
increased  the   survival  of  mice  exposed  to  ID50  to  LD90  X-irradiation  "by 
about  2U  mice  per  100.     Essentially  the  same  degree  of  protection  was  observed 
in  guinea  pigs  and  hamsters  but  was  not  apparent  in  ratso 

Sublethally  irradiated  mice  treated  mth  particulate  matter  had  a  higher 
resistance  to  bacterial  infection  than  mice  not  so  treated  and  preirradiation 
immunization  with  homologous  bacteria  enlrianced  the  protective  effect  of  the 
particulate. 

Significance  to  Cancer  research;     The  results  of  these  studies  help  to 
elucidate  the  process  of  recovery  firom  severe  radiation  damage. 
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RroTzosed  cotirse  of  ihe  project;     This  project  is  approaching  completion. 
Tiro  additional  experiments  are  planned,  one  on  the  route  of  adirinistration 
of  the  experimental  infections  and  one  comparing  the  rates  of  disappearance 
of  intravenously  injected  bacteria  in  particulate  treated  mice  with  their 
irradiated  controls. 
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1.   National  Cancer  Institute  2.      Radiation  Branch 
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Studies  of  defense  mechanisms  in  animals  damaged  by  and  reco-roring  from 
o •     X-irradiation . 


PROJECT  nn^ 


Willie  W.  Smith 
PRIHCIPAL  INVESTIGATCKCS) 


R.  Q.  Marston  (Ariny  -  A.F.S.W.Pe),  L.  Gonshery  (A.FoS.W«P,)>  Ho  Alderman, 

8.  H»  J.  Ruth  (A»F.S»¥.P.)^  J.  Cornfield  (0«DO 
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9.  PROJECT  DESCPIPTIQIl 

Objecti'oes;  To  study  mechanisms  of  defense  against  death  from  infection  in 
irradiated  animals^  means  of  increasing  survival  by  improving  resistance  to 
infection,  and  the  jiiysiological  events  leading  to  recovery. 

Methods:     (1)  Mice  ^ven  sublethal  iiradiation,  in  some  groups  followed  by  an 
intravenous  injection  of  spleen  homogenate,  -were  subsequently  challenged  with 
Pseudomonas  or  Proteus ,  and  differential  leucocyte  counts  mad®  just  prior  to 
challenge.     The  period  from  5  to  19  days  follo;mig  irradiation  was  studied  in 
this  way.     (2)  Litters  of  mice  were  exposed  to  midlethal  radiation.,  differential 
leucocyte  coxxnts  made  h  and  7  days  later,  and  bacterial  cultures  of  heart  blood 
made  on  animals  that  failed  to  survives 

Major  Findings;     (1)  Resistance  to  bacterial  challenge  was  closely  associated 
with  granulocyte  count  and  was  not  related  to  lymphocjrbe  count  either  during 
normal  recovery  or  during  the  advanced  recovery  induced  by  spleen  homogenate 
injection.     Either  granulocytes,  or  specific  constituents  of  the  recovery 
process  more  closely  linked  with  granulocyte  -than  with  lymphocyte  recovery, 
must  be  responsible  for  this  association.     (2)  Survival  of  midlethally  irradi- 
ated mice  was  associated  with  granulocy^  count  (but  not  with  lymphocyte  count) 
taken  either  it  or  7  days  after  irradiation.     The  clustering  of  survival  in 
litters  was  highly  significant  (confirming  the  observation  of  Kaplan  and  Brown) 
in  contrast  to  the  clustering  of  relatively  high  granulocyte  counts.     The 
occurrence  of  bacterial  species  (with,  the  exception  of  E.  cqli)  in  postmortem 
heart  blood  was  significantly  influenced  by  litter,  which  co^ad  account  for  at    • 
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least  part  of  survival-litter  association. 

SJ^-ificance  to  the  pro^aiii  of  the  Institute;     These  studies  not  only  help 
t/O  elucidate  the  response  of  the  animal  to  X-irradiation  but  are  also 
concerned  xvdth  functional  aspects  of  regeneration  of  severely  damaged 
hernapoietic  tissues « 

Proposed  course  of  the  pro^ject;     This  project  has  been  completed. 
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radiation  section.  Federation  Meetings,  April  1955« 
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Objecti'ves;     To  obtain  a  better  understanding  of  functional  aspects  of 
recovery  folloimig  radiation  damage,  particularly  relating  to  the 
hematopoietic  system. 

Methods  employed;     (1)  Resistance  to  Fseudomonas  challenge  and  differential 
leucocyte  counts  were  studied  in  intact  and  splenectomized  mice  15  and  20 
days  after  irradiation  (600  r,   streptornycin)*     (2)  Leucocyte  mobilization 
follovjing  Fseudomonas  injection  was  studied  12,  ik  and  16  days  following 
sublethal  irradiation  {klS  r)»     (3)  Homogenates  of  spleens  from  ijiuiiature 
and  recovering  irradiated  mice  were  compared  for  ability  to  induce  recovery 
in  irradiated  recipients  (750  r)» 

Ma,jor  findings;     (1)  During  recovery  from  sublethal  radiation  intact  mice 
were  rcre  resistant  to  experimental  infection  thanUare  splenectomized  mi-ce. 
Granulocyte  counts  were  the  same  in  both  groups  l5  days  after  irradiation 
(spleen  weight  60  mg.)  but  were  about  3  tirnes  as  hi^  in  the  intact  mice 
20  days  after  irradiation  (spleen  weight  l50  mg,).     The  difference  in  granu- 
locyte count  does  not  account  for  the  difference  in  resistance  to  infectd.on. 

(2)  Granulocyte  coiints  for  the  study  on  mobilization  have  not  been  completed. 

(3)  Spleens  from  recovering  irradiated  adult  mice  were  just  as  effective  as 
spleens  from  immature  nonirradiated  mice  as  a  source  of  protective  homogenate. 
(Reports  of  others  show  this  not  to  be  the  case  inth  nonirradiated  adrlt  spleens), 
This  is  associated  witli  the  degree  of  hematopoietic  activity  seen  in  the  several 
types  of  spleen. 
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Significance  to  the  program  of  the_Cancer  Institute;     These  experiments 
are  of  interest  in  that  they  relate  to  the  protlem  of  hyperplasia  follo>mi| 
celliilar  damage  o 

Proposed  course  of  project;     Essentially  complete  except  for  final  report. 
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Long-term  effects  of  radiation  in  supralethally  irradiated  hamsters  treated 
6.      with  streptoEycin  or  bone  marrow. 
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8.       Pathological   studies  by  Dr»  Katharine  C»  Snell. 
OTHER  INVESTIGATOffiS  ~        ~      _-_-. 


PROJECT  DESCRIPTION 

Objectives;     To  study  long-term  effects  of  relatively  high  radiation  exposures. 
This  becomes  possible  and  increasin&Ly  important  as  methods  for  preventing 
radiation  death  from  agranulocytosis,  hemorrhage  and  anemia  are  developede 

Methods  employed;     Hamsters  e^qposed  to  radiation  vrere  treated  with  streptoirgrcin 
(790  r)  or  injected  with  homogenate  of  marrow  and  spleen  (lO^O,  Il60  r). 
Hematological  and  bacteriological  studies  were  made^  and  pathological  exami- 
■  nations  made  by  Dr,   Snell  as  the  snimaLs  became  moribund  or  died. 

Major  findings;     Altoough  sur-oival  28  days  follovjing  irradiation  was  rou^ly 
the  same  in  the  three  groups  {hO-SC^) ^  ^bsequent  to  that  tiire  deaths 
continued  to  occur ^  the  rate  being  associated  T-ath  the  radiation  e:?q30sur© 
rather  than  with  28-day  survival*     A  variety  of  pathological  changes  (including 
beginning  cataract)  irere  reported  by  Dr.   Snell e 

Significance  to  the  prograjn  of  the  Cancer  Institute;     Radiation  is  knovm  to 
give  rise  to  neoplastic  changes,  and  such  changes  are  to  be  expected  in  this 
type  of  ejq^eriment.     Of  more  iiraiiediate  significance,  however,  is  the  indi- 
cation that  hematopoietic  recoTOry  (induced  by  bone  marrow)  mil  prove  not 
to  mitigate  the  radiation  damage  T^ich  becomes  .apparent  one  to  twelw  months 
after  exposure. 

Proposed  course  of  project;     These  studies  seem  to  us  to  be  -vitally  important, 
and  their  continuation  desirable.     This  is  to  some  extent  contingent  upon 
the  availability  of  facilities  and  continued  collaboration  of  a  pathologist. 
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Metabolic  studies  of  the  spleen  during  involution  and  hyperplasia  follovang 

6.  radiation  exposure. 
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7.     Willie  W,   Smith  and  Gilbert  Ashxiiell  (N.l6A.K«E») 
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9.     raOJECT  rasCRIPTION 

Ob.jecti-pesi     To  obtain  a  better  understanding  of  the  biochemical  processes 
involved  in  destruction  and  regeneration  of  components  of  the  hematopoietic 
system* 

Methods  employeds     Spleen  wei^ts  and  ATPase  content  were  determined  in 
untreated  and  spleen  homogenate-treated  mice  for  h  weeks  follo>ring  irradiation 
(6I|0  r,  streptomycin). 

Major  findings;     Although  spleen  adenosine  triphosphatase  per  mg,   spleen 
increases  during  involution  following  irradiation,  it  decreases  daring 
hyperplasia.     Spleen  weights  vary  inversely  with  enzBrme  activity  so  that 
the  total  organ  enzyme  content  varies  only  slightly  while  the  spleen  weight 
varies  from  20  to  260  mg.     Apparently  the  cells  lost  or  gained  arc  verj'-  poor 
in  ATPase.     The  duration  of  involution  and  high  ATPase  activity  was  much 
shorter  and  subsequent  hyperplasia  and  low  ATPase  activity  were  much  less 
marked  in  homogenate-treated  than  in  irradiated  control  mice. 

Sjgnificance  to  the  program  of  ihe  Cancer  Institutes     These  studies,  when 
extended,  may  become  of  specific  interest  in  connection  with  myeloid  leukemia. 

ProTDOsed  course  of  pro.ject;     Spleens  of  normal  immature  and  mature  mice  and 
of  mice  recovering  from  severe  radiation  damage  (LDso^ streptomycin)  will  be 
analyzed  for  reactions  involving  ribulose,  >keto  pentose  and  xylulose,  sugars 
recently  discovered  in  the  normal  mouse  spleen  by  Dr.  Ashwell.     Vfe  particularly 
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want  to  find  out  whether  or  not  these  newly-fovmd  reactions  are  associated 
with  hematopoietic  acti-vity  and  the  ability  of  spleen  to  induce  hematopoietic 
recovery  in  irradiated  recipients. 
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Spleen  adenosine  triphospiiatase  activity  in  irradiated  mice  treated  xd.th 
spleen  homogenate,     Willie  W,  Smith,  William  Anderson,  Jr.  and  Gilbert  Ashwell. 
Am.  J.  Physiol.  176:ii71,  195ii. 
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PROjeCT  DESCRIPTIOIf 

Objectives;     To  increase  the  currently  attained  purification  of  some   tumor 
inducing  viruses  and  cell  particulates  and  to  determine  some  of  their 
characteristics. 

Methods  Employed;     The  particulate  is  concentrated  from  a  tissue  extract  by 
centrifugation  procediires  and  studied  hy  means  of  physico-chemical  and 
electron  microscopic  technics. 

Major  Findings;     The  Rous  Sarcoma  virus  was  found   to  have  a  density  of  1.15 
in  sucrose  solutions.     With  the  addition  of  D2O  to  the  solvent  the  density 
increased,    indicating  the  replacement  of  H2O  in  the  virus  structure  by 
D2O,      The  sedimentation  constant  of  the   virus  indicated  a  larger  particle 
than  has  previously  been  determined.      The  Shope  Fibroma  virus  was  identi- 
fied both  in  extracts  and  tissue   slices  and  resembles  the  myxoma  virus  in 
morphology. 

Significance  to  Cancer  Research;      Ihe  study  of  these  viruses  is  important  for 
cancer  research  because  of  their  high  potency  in  inducing  tumors  and  be- 
cause of  their  "natural"  occurrence  in  the  animal. 

Prooosed  course  of  project;     Proposed  wrk  next  year  includes  further  work  on 
'attempts  to  differentiate  between  the  properties  of  myxoma  and  f ioroma  vim 

further  purification  of  tumor  inducing  viruses  and  some  further  studies 

on  desoxyribonucleic  acid. 
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virus.     J.   Nat.   Cancer  Inst.     In  press. 


rr     H(»IQRS  AND  AWARDS  TO  PEBSOKNEL  RELATING  TO  BUS  PROJECT  KIRISG  CAI£NDAR  YEAR 
195U: 


PAGE  1 
PROJECT  RiJPCRT  FCRM  December  17,  193'1| 


!•    Nnt^.onal  Cancer  Inr.titube  2.        Rarliation  iJranch 

IH3TIXUIE  'tABCEAiPGRY  CR  BRANCH 


^'  ■.,.,..^.^. ♦  5.i^ 
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6.    Clinical  Radiotherapy. 
PROJECT  TITI2 


7.    Jolm  D.   IteevGG,   M.D.  (and  Clinton  C.   l^oxrell,   M.D.    -  aftnr  July  1,   1951i) 
PRINCIPAL  INVESTIGATQR(8)  ~ — — 1 i- 


OTHER  mVESTIQATORS 


PROJECT  DESCRIPTIOli 

The  'first  3  months  of  the  calendar  year  19,^i4  were  spent  by  Ya-,  John  D,  Reeves 
in  completing  the  gathering  of  data  and  plans  at  the  ilolt  Raditim  Institute, 
ilanchester,  and  the  Royal  Cancer  Hospital,   London,   for  the  puipose  of  applying 
these  in  the  Radiation  l-'ing  of  the  Clinical  Center. 

The  remaining  9  months  liave  been  spent  in  carrying  on  the  radiotherapy  befoin 
by  Dr.  Lewis  G,  Allen,     Since  April  1,   19%,    U6  patients  have  received  radio- 
therapy.     (Some  patients  liave  liad  more  than  one  course  of  therapy.)     Tlie   great 
major-ity  of  these  wore  treated  on  tlie   2!>0  ICV  .nachine.     Two  xifere  treated  by 
outside  consultants  because  of  the  unavailability  of  the  appropriate  equim.'ient 
here.     One  had  a  radon  implant  with  radon  fvu^nished  from  the  Baltimore  Public 
Health  ServJ.ce  Hospital  and  one  had  radium  therapy  with  radiuju  borroired  from 
Dr.   Ralph  Caulk  at  (iarfield  Hospital.     The  total  number  of  X-ray  treatments 
given  has  been  ^l^^.     In  addition,  there  liave  been  30  formal  consultations  and 
perhqos  thrice  this  nwnber  of  informal  consultations. 

TVo  250  KY  constant  potential  X-ray  therapy  machines  have  been  installed  on 
specially  designed  ceiling  mounts.     'I'l/o  2  I'lev  Van  de  Graff  generators  have  been 
installed  but  not  calibrated  as  yet.     A  rotating  chair  is  being  installed  as 
this  report  is  written. 

(Tn  addition,  from  April  tlirough  July,   JJi'.  Reeves  has  also  assumed  a  full-time 
responsibility  in  diagnostic  radiology  due  to-  a  sliortage  of  personnel  in  that 
department,   end  since  that  thiie  has  continued  to  talce  emergency  calls  as  a 
voluntary  aid  to  tlie  diagnostic  department.) 

(PI£ASE  ADD  SHEETS  AS  NECESSARY  FGR  CONTINUATION) 
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Continuing  into  calendar  year  191^5: 

1.  Coiapletion  of  the  ordering  and  installation  of  intennediate  and 
superficial  X-ray  therapy  apparatus. 

2.  Completion  of  the  ordering  of  appropriate  raditui  as  previously  proposed. 
This  '/ill  reqiiire  the  design  and  construction  of  a  special  laboratory, 

3.  Calibration  and  intej^ration  of  the  2  Hev  Van  de  Graffs  into  the  clinical 
program.  Patient  handling  facilities  ;jill  be  necessary  in  tte  sub-sub-baseraent 
before  the  2  i-iev  area  can  be  fully  utilized. 

k»     Obtaining  approval  and  designing  special  facilities  for  the  handling 
of  radioactive  isotopes  and  patients  in  which  isotope  therapy  is  indicated, 

5.  Continuing  plans  for  the  psychological  aspects  of  radiation  therapy  and 
the  improvement  in  appearance  of  all  areas  where  patients  may  be  handled,  such 
that  their  cpproach  to  radiation  therapy  shall  be  at  its  psychological  optimum. 
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RESEARCH  ,^^ 

REVIEW  &  APPROVAL  [J 


AmiNISIRATION       [J 
IIECHHICAL  ASSISTANCE  [J 


VI,     COOPERATj:?^  units  op  the  public  health  SERVICE,  m   OTHER  (»GANIZATIONS,  PRO- 

VIBING  FiJKDS,  FACILITIES,  OR  PERSONNEL  FOR  THIS  FROJECT  IN  EITHER  1955  or  I956: 

f'Jr.  Robert  Svjain,  Physicist,  Baltimore  Public  Health  Service  Hospital,  has 
l-clndly  given  us  preliminary  calibrations  on  tlie  two  2^0  KV  therapy  units  and 
has,  on  one  occasion,  supplied  us  xfith  radon  seeds. 


nr  IF  OHIS  PROJECT  RESEMBLES,  COIPIJSMENTS,  CR  PARALLELS  RESEARCH  DCaJE  ELSEWHERE 
IN  THE  PUBLIC  HEAT.TH  SERVICE  (WITHOUT  lOTERCHAHGE  <»  PERSONNEL,  FACILITIES  CR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 

Parallels  clj.nical  radiotherapy  perforiiied  in  other  Public  Health  Service 
radiotherapy  departments.   (Research  cannot  be  fully  started  until  calibrations 
and  physical  as  well  as  biolof^ical  base  lines  are  established.) 
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6.      Clinical  Radiation  Therapy  Service 
PROJECT  TITLE 


Clinton  C«   Powell  and  John  P.  Reeves 
PRINCIPAL  INVESTIGATOR(SJ  " 


8.   Ijone   

(mm.   INVESTIGATORS 


PROJECT  lffiSCRIPTI(»l 

The  following  report  covers  the  activity  of  Dr.  Clinton  C,  Powell  from  the 
period  of  July  1,  195ii  through  December  31,  19i?i4. 

Approximately  9O/0  of  this  investigator's  time  was  utilized  in  the  procurement 
of  equipment,  its  installation,  calibration,  and  preliminary  operation,  and 
in  radiation  therapy  given  to  patients.  In  all  instances,  these  patients  were 
treated  as  a  service  for  other  clinical  Services  of  the  Clinical  Center.  The 
majority  of  these  patients  vrere  participating  in  other  research  projects  of 
the  Cancer  Institute.  The  time  required  to  carry  out  the  above  duties  and  the 
lack  of  availability  of  necessary  equipment  did  not  permit  the  establishment 
.  of  any  independent  research  projects .  Much  remains  to  be  done  in  the  way  of 
procurement,  calibration,  and  standardization  of  equipment  and  of  operating 
procedures  before  independent  research  projects  can  be  undertaken  in  the  field 
of  clinical  radiation  therapy.  The  above  activities  were  carried  out  in 
cooperation  with  the  other  principal  investigator  available.  Dr.  John  D,  Reeves 

Approximately  5/j  of  my  time  durin^g  the  above  period  was  used  in  connection 
vrith  my  commitments  as  a  member  of  the  Americaji  Hospital  Association  Coitimittee 
on  the  Use  of  Radioisotopes  in  Hospitals,  Tliis  newly  formed  coiiiiaittee  is  in 
tho  process  of  establishing  recoiiiiiiendatlons  vjhich  properly  fall  within  its 
sphere.  It  has  seemed  proper  that,  as  the  only  iledical  Officer  from  tlie 
Public  Ileal  til  Service  on  this  comriiittee,  I  take  an  active  role  in  all 
deliberations  and  decisions  of  this  comjiittee; 


(PLEASE  ADD  SHEETS  AS  NECESSARY  FOR  COHTIKUATKHI) 
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9.  PROJECT  DliSDRIPTION  (Continued) 


Approximately  ^/o  of  my  time  has  been  utilized  in  connection  vjith  Public  Health 
Service  off -site  monitoring  obligations.  The  Public  Health  Service  has  recently 
assuined  increased  obligation  in  connection  v;ith  the  evaluation  of  actual  or 
potential  hazards  resulting  in  the  off-site  area  from  Atomic  Energy  Commission 
testing  of  nuclear  devices  at  its  Nevada  Proving  Ground.  The  importance  of 
the  assigned  task,  the  relatively  small  pool  of  trained  personnel  for  this 
project  available  to  the  Service,  and  the  projected  schedule  of  future 
activities  in  tMs  field  make  it  appear  likely  that  a  considerably  greater  portion 
of  my  time  must  be  devoted  to  this  activity  during  the  remainder  of  the  current 
fiscal  year. 
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13.  COOPERATJZG  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  ORGANIZATIONS,  PRO- 

VIDING  FUNDS,  FACILITIES,  CR  PERSCMNEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 

Hone,  except  that  all  necessary  i'untls  to  cover  expenses  incurred  directly  in 
the  carrying  out  of  the  labile  health  Service  off- site  raonitoring  activities 
are  provided  by  the  U.  S.  Atomic  jnertiy  Coirunission. 


riT]   IF  THIS  PROJECT  RESEMBLES,  CCMPIEMENTS,  CR  PARALLELS  RESEARCH  IXm  ELSEWHERE 
IN  THE  PUBLIC  HEAJ.TH  SERVICE  (WITOOUT  IHIERCHANQB  OF  PERSONNEL,  FACILITIES  (» 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 

None 
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17-     HONORS  AUD  AWARDS  TO  PERSONNEL  RELATINO  TO  THIS  PROJECT  DURINO  CAIENDAR  inEAR 

Certification  in  Radiology  by  the  Merican  Board  of  TcadLology,   Inc., 
September  195^   (lA-,  Clinton  C,  Powell) » 
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HO 


6.   Evaluation  of  the  Riboflavin  Analogue,  U-2II2 
PROJECT  TITLE"  ~~~ ~ 


John  L.  Fahey 

PRINCIPAL  INVESTldATQR(S) 


8.  Montague  Lane 

OTHER  INVESTIOATORS  '■ —— — 

9.  PROJECT  DESCRIPTIOH 

Ob  ject  i  ve :  The  objective  of  this  project  is  to  determine  the  pharmacology  of 
6,    1  -   dimethyl  -  9  -  (2'  -  acetoxyethy I  )  isoalloxazine  (U-2II2)  in  human 
patients,  expecially  as  related  to  neoplastic  chemotherapeut ic  activity. 

Methods  Employed:  Photof I uorometr ic  and  chromatographic  means  of  identifying 
and  measuring  flavins  can  be  used  to  evaluate  the  chemical  products  of  this 
compound  in  human  tissues  and  products.  Clinical  observation  will  be  corre- 
lated with  laboratory  findings,  . 

Patient  Material :  The  patient  material  utilized  in  the  past. year  consisted 
of  5  patients  who  underwent  clinical  anti-tumor  chemotherapeut I c  trial  - 
an  allied  project  carried  out  by  Dr.  Robert  Sullivan. 

Significance  to  Cancer  Research;  This  compound  has  been  demonstrated  to  have 

Riboflavin  antagonist  effects  in  bacterial  systems  and  to  interfere  with  the 

growth  of  certain  mouse  tumors.  Riboflavin  is  essential  for  normal  tissue 
act  i vity. 

The  metabolic  fate  of  this  drug  In  the  human  patient  will  be  important 

in  evaluating  clinical  effects,  as  it  is  probable  that  the  compound  is  changed 
In  passage  through  the  human  patient. 

Proposed  course  of  Project;   initial  activities  will  be  directed  at  developing 
methods  for  quantitative  recovery  and  i  cltrn  l  f  icat  ion  of  flavins  and  U-2II2  from 
biological  material.  Clinical  applicati^-n  of  these  methods  to  study  the  Pharma- 
cology of  the  drug  in  patients  can  then  be  undertaken. 

(PLEASE  ADD  SHEETS  AS  NECESSARY  FOR  CONTINUATION) 
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PRELIMINARY  SCREENING  OF  CANCER  CHEMOTHERAFEUTIC  COMPOUNDS  IN  THE  HUMAN  BY 
PROJECT  TITLE         ^^^^   INJECTION  METHOD 


7.   R.  D,  Sullivan 

PRINCIPAL  INVESTIGATOR^S) 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Objectives t  Numerous  testing  methods  have  been  developed  for  the  pre-olinloal 
screening  of  potential  cancer  chemotherapeutic  agents.  However,  no  single 
method  or  combination  of  methods  has  been  altogether  satisfactory  in  pre- 
dicting which  compounds  or  groups  of  compounds  will  have  tumor-destroying 
activity  in  the  human  cancer  patient.  A  method  is  developed  that  pemits 
the  preliminary  screening  of  compounds  in  the  human  prior  to  more  extensive 
clinical  assessment. 

Methods  Employed:  The   technique  embodies  the  intra tumoral  injection  of  test 
substances  into  cutaneous  lesions  of  patients  with  primary  £uid  metastatic  cancer. 
Patients  with  multiple,  discrete,  non-ulcei^ting  intracutaneous  lesions  are 
selected  for  study.  Minute  doses  of  different  test  substances  are  injected 
into  selected  lesions  without  producing  systemic  effects.  Other  lesions  are 
infiltrated  with  control  vehicles  or  serve  as  uninjected  controls .  Serial 
biopsies  are  obtained  at  varying  intervals  to  uncover  qualitative  morphologic 
changes.  Correlations  are  made  between  local  studies  of  a  given  agent  and 
subsequent  systemic  administration  of  that  agent. 

Patient  Material: 

No.        Average  Stay  -  days 
Adult  males  1  * 

Adult  females        10 

*Studie3  on  hospitalized  patients  are  made  during  periods  in  which  the  hospitaliza> 
tion  is  required  for  conventional  therapy  or  chemotherapeutic  trials. 


(PLEASE  ADD  SHEETS  AS  NECESSARY  FOR  CONTLNUATION) 
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PRELIMINARY  SCREENING  OF  CANCER  GHEMOTHERAPEUTIC  COI-IPOUNDS  (cont'd) 


No. 
Outpatient   No  pts.  3 

No  visits  25 

Findings:  Fifteen  compounds  were  screened  ly  this  method  in  12  patients. 
In  patients  with  breast  cancer  results  of  local  Injection  hormone  studies 
correlated  well  with  subsequent  systemic  hormone  therapy.  Several 
colchicine  analogvies  on  local  injection  (obtained  from  Dr.  J.  Leiter, 
Section  of  Chem.  Pharm.)  produced  regression  of  lesions  of  one  patient  with 
narcosis  fungoides  Euid  2  patients  with  melanocarclnoma. 

Significance  to  NCIi  The  development  of  more  precise  methods  for  screening 
compounds  is  paramount  in  a  cancer  chemotherapeutic  prograio. 

Proposed  Course:  Patients  with  accessible  skin  lesions  will  continue  to  ba 
selected  for  local  studies  of  potential  anti-cancer  compounds  that  are 
being  considered  for  clinical  trials. 
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CLINICAL  EVALUATION  OF  THE  RIBOFUVIN  ANTAGONIST  U-2112  AS  A  POTENTIAL  ANTI- 


PROJECT  TITLE    CANCER  AGENT 


R.  D.  SULLIVAN  AND  J.  L.  FAHEY 
PRDICIPAL  INVESTIGATOR(S)     " 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Objectives:  To  evaluate  by  human  clinical  trials  the  pharmacologic,  toxioologio 
and  possible  tumor-destroying  effects  of  the  riboflavin  analogue,  U-2112. 

Methods  Employed:  Patients  with  disseminated,  incurable  malignant  neoplasms  are 
selected  for  study  after  thorough  evaluation  of  the  clinical  status  of  the 
patient  as  regards  organ  function  and  the  extent  of  his  neoplasm.  Following  a 
control  period  during  which  time  a  rotation  diet,  constant  in  riboflavin,  is 
initiated  and  urine  and  fecal  collections  are  made,  patients  are  placed  on 
increasing  doses. of  the  compound.  Careful  clinical  observation  and  serial 
laboratory  examinations  are  performed  to  uncover  manifestations  of  toxicity 
and  tumor  inhibiting  effects.  Excretory  patterns  (i.e.  blood  levels,  stool 
and  urine  output)  are  delineated  as  outlined  in  Project  Report  by  Dr.  John  Fahey. 

Patient  Material:  To  date  8  patients  have  been  studied  as  follows: 

No,  Average  Stay  Days 

Adult  Males      U  33 

Adult  Females     3  69 

Children  Males    1  10 

Outpatients  -  None 


Major  Findings:  Dosages  as  high  ias  3.0  gm/day  of  U-2112  have  been  administered 
for  as  long  as  36  days  without  producing  demonstrable  evidence  of  riboflavin 
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Clinical  Evaluation  of  the  Riboflavin  Antagonist  (cont'd) 


deficiency,  tumor-destroying  effects,  or  drug  toxicity.  Five  patients  hftve 
died  of  their  neoplasm  and  related  complications,  two  patients  have  been 
discontinued  from  the  study,  and  one  patient  is  currently  maintained  on  the 
drug. 

Significance  to  NCI;  Conventional  methods  of  treating  advanced  cancer  are 
totally  without  benefit  in  the  vast  majority  of  patients.  The  development 
of  an  effective  chemotherapeutic  agent  offers  the  greatest  hope  in 
controlling  the  disease  in  its  advanced  stages. 

Proposed  Course  of  the  Project:  Hospitalized  patients  with  disseminated 
epithelial  and  mesenchymal  neoplasms  will  continue  to  be  included  in  the 
clinical  triiils  of  this  compound.  Inci^asing  dosages  will  be  utilized 
until  levels  are  attained  that  produce  toxic  manifestations  without  evidence 
of  tumor-destroying  effects. 
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6.       A  STUDY  OF  CANCER  CHEMOTHERAPEUTIC  AGENTS  AmiNISTERED  BY  ARTERIAL  CATHETER 


PROJECT  TITLE  m  ^he  HUMAN  CANCER  PATIENT 


1.       R.  D.  SULLIVAN 

PRINCIPAL  INVESTIGATOR(S) 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Objectives:  To  administer  various  potential  chemotherapeutio  agents  Into  the 
accessible  arterial  blood  supply  of  malignant  neoplasms  in  order  to  l)  determine 
if  the  arterial  route  has  inherent  advantages  over  other  routes  of  administra- 
tion with  regard  to  anti-tumor  effect,  lessened  systemic  toxicity  and  other 
pharmacologic  properties;  and  2)  to  develop  the  arterial  route  as  a  method  of 
screening  cancer  chemotherapeutio  drugs. 

Methods  Employed:  A  simplified  technique  of  arterial  catheterization  is  employiBc 
which  embodies  the  use  of  small  dieimeter  radio-opaque  catheters  introduced  into 
accessible  peripheral  arteries  through  standard  gauge  needles.  The  catheters 
can  then  be  manipulated  to  the  desired  site  in  the  central  or  peripheral 
arterial  tree.  Single  doses  of  drugs  may  be  administered  and  the  catheter 
withdrawn,  or  it  may  be  affixed  to  a  stopcock  and  left  in  situ  for  repeated 
therapy  over  periods  of  several  weeks.  Specimens  of  blood  may  be  withdrawn 
for  selected  studies  and  angiograms  of  the  organs  catheterlzed  may  be  obtained 
at  varying  intervals.  Extensive  clinical  experience  has  indicated  that  com- 
plications of  the  technique  are  few  and  ai-e  of  minor  importance. 

Patient  Material: 

No.  days 
Adult  Males       1        5 
Adult  Females     6       30 
Outpatients  -  None 

Major  Findings:  In  two  patients,  pain  resulting  from  tumor  growth  was  relieved 
by  arterial  courses  of  nitrogen  mustard.   In  2  patients,  courses  of  aza  serina 
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and  2-6  diamine-purine  produced  no  demonstrable  effect  on  their  neoplasms. 
Oncolytic  viruses  were  administered  by  this  route  in  2  patients  (see 
project  report  by  Drs.  Waite  and  Smith).  In  one  patient,  a  course  of 
arterial  demicolcin  produced  a  remarkable  skin  lesion  only  within  the 
distribution  of  the  vessel  into  which  the  agent  was  delivered.  Further 
studies  of  this  compound  are  contemplated. 

Significance  to  NCI:  The  study  of  potential  cancer  chemotherapeutic  oompounds 
offers  one  of  the  greatest  therapeutic  hopes  of  controlling  advanced  cancer. 
The  development  of  newer  screening  methods  is  an  integiral  part  of  such  a 
program. 

Proposed  Course  of  Project:  Hospitalized  incurable  cancer  patients  whose 
neoplasms  have  an  accessible  blood  supply  will  be  studied  as  outlined  above. 
A  variety  of  potential  cancer  chemotherapeutic  agents  will  be  screened. 


Pace  3. 


PROJECT  REPORT  FORM  (Cont'd) 


10-  ^C/-7ooU}C 

SERIAL  NO. 


11.  BUDGET  DATA: 


ESTIMATED 
EXPENDITURES 

BUDGETED  POSITIONS 

MAN  YEARS 

PATIENT   i 

PROF 

OTHER 

TOTAL 

PROP 

OTHER 

TOTAL 

DAYS    1 

n  1955 

^^,CLd^ 

/ 

— 

/ 

1/iL 

•2L 

Ca     \ 

lY  1956 

d 

— 

-- 

— - 

12.  BUDGET  ACTIYITY: 


RESEARCH  .^^ 

REVIEW  &  APPROVAL  [J 


ADMINISI3RATI0N       {J 
TECHNICAL  ASSISTANCE  [J 


13^^  COQPERATiNO  IWITS  OP  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  C«GANIZATIONS,  PRO- 

VIDING  FUNDS,  FACILITIES,  OR  PERSONNEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I9562 


None 


W.  IF  THIS  PROJECT  RESEMBLES,  COMPLEMENTS,  CB  PARALLELS  RESEARCH  DONE  ELSEWHERE  " 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  OF  PERSONNEL,  FACILITIES  OR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


No  entries  for  14,  15,  16,  and  17 


PAGE  1 


PROJECT  REFdiT  FCBM 


NCI 


IWSTIiVfE 


2.   GElMiAL  MEDICINE  BRANCH 
UBmAimTOA   BRANCH 


SECTION  OR   SERVICE 


LOCATION  (IP  OTHER  THAN  BETHE6DA)   SERIAL 


6.   METABOLISM  OF  NITROGEN,  MINERALS  AND  VITAl^iINS  IN  PATIENTS  WITH  MALIGNANT  DISEASE 
"HiOJECT  TITLE        "  ~~ 


7.  Donald  M.  Watkln.  M.D.   

PRINCIPAL  INVESTIGATQR(S)  ' 

Drs.  Roy  Hertz,  Jesse  Steinfeld,  Donald  Tschudy,  John  Fahey, 

8.  Nicholas  Leone,  and  Clinical  Associates 

OTHER  INVESTIGATORS 

9.  PROJECT  DESCRIPTION 

Objectives:  Investigation  of  the  metabolic  interrelationships  of  nitrogen, 
minerals  and  vitamins  in  the  natural  course  of  malignant  disease  and  in  the 
response  of  the  disease  to  therapy. 

Methods:  Metabolic  balance  technique  for  the  estimation  of  the  net  gain  or 
loss  of  nitrogen,  minerals,  vitaiidns,  etc.  Electrophoretic  studies  of  plasma 
proteins  (Dr.  Fahey).  Radioisotope  techniques  for  determination  of  red  oell 
survival  time  and  albumin  turnover  (Dr.  Steinfeld).  Isotopic  nitrogen  studies 
of  the  metabolism  of  nitrogenous  metabolites  (Dr.  Tschudy). 


Patient  Material:  Calendar  195^ 

January  to  May 

June  through  December 


3  patients 

7  patients,  8  studies 


Major  Findings:  Fluoride  Exchange  Studies  -  Fluoride  exchange  and  its  relation 
to  nitrogen  and  mineral  balance  was  examined  in  two  leukemic  patients  with  and 
one  without  chronic  ejqjosure  to  high  fluoride  concentrations  in  drinking  water 
and  in  one  normal  subject.  Preliminary  data  indicate  more  fluoride  is  excreted 
by  patients  with  fluorosis. 

Prostatic  Studies  -  Balance  studies  in  two  patients  with 
extensive  jnetastatic  prostatic  malignancy  treated  by  orohideotomy  demonstrated 
a  retention  of  calcium  and  protoplasmic  constituents  following  orchidectomy. 
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High  protein  feeding  -  Tube  feeding  of  a  very  high  protein 
diet  was  accompanied  by  rises  in  BUN  in  two  patients. 

Leukecda  studies;  Nitrogen,  phosphorus,  calcium  and  electrolyte 
balance  we  studied  in  three  patients  with  chronic  eind  one  with  acute  leukemia. 
Preliminary  data  imply  negative  calcium  balances.  In  the  acute  case,  this 
was  apparently  altered  by  therapy. 

Vitamin  Studies  -  Vitamin  excretion  on  a  constant  diet  of  known 
vitamin  content  were  conducted  in  a  relatively  normal  tube  fed  subject  in  an 
effort  to  demonstrate  a  relationship  between  tissue  anabolism  and  vitamin 
retention.  Tissue  anabolism  produced  by  androgen  administration  and  by 
hyper  alimentation  after  depletion  has  so  far  been  accompanied  by  no  signifi- 
cant change  in  vitamin  excretion. 

A  similar  study  was  attempted  in  a  patient  with  cachexia  due 
to  cancer  but  was  not  completed  because  of  the  patient's  rapid  downhill  course. 

Red  Cell  Survival  -  In  one  patient  with  carcinoma  of  the 
prostate  no  prolongation  of  shortened  red  cell  survival  time  occurred  as  a 
result  of  orchidectofliy.  In  one  patient  with  chronic  leukemia  red  cell 
survival  was  markedly  shortened. 

Significance  to  Ceuicer  Research: 

Fluoride  exchange  studies  -  Investigates  possible  rate  of 
fluoride  in  leukemia  and  ascertains  its  effect  on  the  metabolism  of  other 
elements  in  leukemic  and  non-leukemic  individuals. 

Prostate  Studies  -  Provide  quantitative  measures  of  the  effec- 
tiveness of  androgen  withdrawal  in  altering  the  characteristics  of  widespread 
prostatic  neoplasm. 

High  protein  feeding;  Points  out  the  effects  of  high  protein 
feedings  on  blood  chemistries  and  demonstrates  certain  problems  of  tube 
feeding. 

Leukemia  studies;  Shovjs  the  effect  of  chronic  and  acute 
leukemia  on  bone  metabolism  and  shows  how  tuis  may  be  altered  by  therapy. 

Vitamin  studies;  No  relationship  to  date  has  been  shown  between 
tissue  anaboliEm  and  vitamin  retention. 

Red  cell  survival;  Indicates  diminished  life  span  of  erythrocytes  in 
malignant  disease . 
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Proposed  Course  of  Project:  Continuation  of  the  investigation  of  metabolic 
interrelationships  in  malignancy  and  its  response  to  therapy.  Expansion 
of  the  program  to  involve  further  collaboration  with  chemotherapy,  bio- 
chemistry and  biophysics  groups.  Development  and  organization  of  a  metabolic 
ward,  metabolic  kitchen  eind  metabolism  laboratory. 
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PRINCIPAL  INVESTIGATOR(S) 


J.  Steinfeld;  Dr.  D.  Watkin;  Mrs.  A.  Collins 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION  ,  .      ^    .   +   + 

Objectives-  To  estimate  the  si^^  of  the  metabolic  pool  (nitrogen)  and  rate  of 
nitrogen  incorporation  into  tissues  of  normals  and  cancer  patients. 

Methods-   nI5i  aspartic  acid  is  fed  to  the  patient  and  four  measurements  are 
made-   I)  total  nitrogen  excretion;  2)  total  urea  excretion  per  day;  3)  the  size 
of  the  urea  pool;  4)  the  nI5  concentration  in  the  urea  pool  at  various  times. 
By  means  of  a  number  of  equations  it  is  possible  to  calculate  from  +hese  data  a 
value  for  the  size  of  the  nitrogen  metabolic  pool  and  ^^^//^  ^^P-J^j^,  ,,33,,, 
synthesis  per  day,  i.e.  the  amount  of  nitrogen  incorporated  into  the  total  tissue. 

per  day. 

Findings:   None  yet. 

Si,„mc=„ce  to  NC:  T.is  tvpe  oj  ^J-V  ,;-  data  (t.e  ca,cu,»tions^oJ^.M^^^^^^^ 

based  on  assumptions  "^-^,=^^,;°;/™J,:°^Lrd   ietary  changes  In  cancer  on  the 

reta^irp^^I'^dVa^for^'it^gL  incotpotatlon  into  the  o.eraM  organism  can 

be  estimated. 

Future  course:  The  above  studies  are  P™' -'"-^  and  it  is^  lanned  to  extend  the 

studv  at  a  'f-„--„-;--n:o;rap  irdrs?riru;ion°:,"iso;o::  !rt,;:'tumor 

;rrX's;"ud  :'    :ddi";n  ^tL  Je,^r.inat,on  o,  jsotope  content  °.  »  -'*- 
-  -pounds  in  the  *u.»r  noi,o.in,  ora,  -m,  n  ,  strat  ,o„^o,  ^H_^  „,,no^ac,d.. 

Normal  tissues  (obtained  at  surgery^  wmi  a 
prote  ins. 


(please  add  sheets  as  NECESSARY  FC8^  CONTINUATION) 


PROJECT  REPORT  Ft)RM  (Conf 


PAGE  2. 


SERIAL  NO. 


TX.     BUDGET  DATA: 


ESTIMATED 
EXPENDITURES 

BUDGETED  POSITIONS 

MAN  YEARS 

PATIENT 
DAIS    1 

PROF 

OTHER 

TOTAL 

PROP 

OTHER 

TOTAL 

nf  1955 

^  //,  '/jTX 

4 

1 

6-^ 

2/3 

1 

90    1 

Ti   1956 

^^i^'/J 

// 

/ 

/ 

/ 

X 

/&d   \ 

12.  BUDGET  ACTIVITY: 


RESEARCH  (^ 

REVIEW  &  APPROVAL  [J 


ADMINISTRATION       £J 
TECHNICAL  ASSISTANCE  [J 


Tl.     COOPERATING  UNITS  OF  IME  PUBLIC  HEALTH  SERVICE,  OR  OTHER  CfiGANIZATIONS ,  PRO- 

VIDING  FUNDS,  FACILITIES,  OR  PERSONNEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 


None 


IT   IF  IBIS  PROJECT  RESEMBLES,  COMPLEMENTS,  CR  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  OF  PERSONNEL,  FACILITIES  C« 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


No  entries  for  14,  15,  16,  and  17 


PAGE  1 
PROJECT  BEPCSl'?  FOS^M 


NCI 2.  GENERAL  MEDICINE  BRANCH 

INSTIKJTE  "HftBORATORY  CR  BRAWCH 


.ii*' 


3- **• , : ^  ^AMzEtMh 

SECTION  OR   SERVICE  LOCATION  (IF  OTHER  THAN  BETHBSDA)   SERIAL  NO 

6.  MEASUREMENT  OF  ALBUMIN  "TURNOVER"  AND  TOTAL  EXCHANGEABLE  IN  PATIENTS  WITH  CANCER 
PROJECT  TITLE 


7.  DR.  J.  L.  STEiNP^LD 

PRINCIPAL  IMVE3TIGATaR(S) 


OTHER  INVESTIGATORS 

PROJECT  DESCRIPTION 

Objectives:  To  compare  total  exchangeable  albumin  with  plasma  albumin  concentra- 
tions on  patients  with  cancer.  Other  studies  have  shown  that  the  circulating 
albumin  represents  approximately  /Jd%   of  the  albumin  which  is  in  equilibrium 
or  exchange  with  T?-^^   albumin  injected  intravenously  in  normals.  Whether  this 
percentage  is  altered  in  patients  with  neoplasms  is  as  yet  unknown  and  may  be  of 
importance  in  estimating  the  nutritional  status  of  patients  with  advanced  cancers = 

Methods  Employed:  Injection  of  known  amount  (75-125  microcuries)  of  I^^^  labellec 
human  serum  albumin  and  measuring  plasma  and  whole  blood  radioactivity  at  varying 
times  following  injection.  Also  radioactivity  excreted  into  urine  each  2U  hours 
is  measured.  These  values  permit  calculation  of  total  exchangeable  albumin  and 
albumin  "turnover"  tines. 


Patient  Material: 

Days  Each 

Adult  Males 

10 

30 

Adult  Females 

10 

30 

Major  Findings:  Only  5  studies  have  been  completed  and  no  conclusions  can  as 
yet  be  drawn. 

Significance  to  NCI:  Will  help  in  understanding  the  hypoalbuminemia  (as  deter^ 
mined  by  concentration  of  albumin  in  blood  or  plasma)  in  all  stages  of  cancer. 

Proposed  Course:  To  perform  at  least  fifteen  such  studies  in  an  attempt  to 
find  some  pattern. 
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6.      METABOLIC   STUDI  OF  SERUM  PROTEINS:      FATE  OF  INTRAVENOUSLY  AmiNISTERED  ALBUMIN 
PROJECT  TITLE  """  " 


7,   JOHN  L.  FAHEY,  M.D. 

PRINCIPAL  INVESTIGATOR(S) 


DRS.  DONALD  M.  WATKIN  AND  J.  L.  SIEINFELD 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Objective:  The  objective  of  this  project  is  to  characterize  the  disappearance 
rate  and  distribution  of  the  products  of  albumin  loads  administered  intra- 
venously to  patients  in  various  neoplastic  and  nutritional  states. 

Methods  Employed:  Con^Jlete  metabolic  balance  techniques  are  to  be  utilized  to 
follow  Nitrogen  and,  if  feasible,  Calcium  and  Phosphorus  Balances  on  selected 
patients.  Intravascular  distribution  of  albumin  and  other  serum  proteins  will  be 
measured  by  electrophoresis  and  radioactive  iodinatad  albumin. 

Patient  Material:  (1954) 

Number  Hospital  Staff 

Admissions:  Adult  Mala  1  100  days 

Major  Findings:  Preliminary  evaluation  of  a  Just  completed  study  on  a  patient 
with  gastro-intestinal  neoplasm  in  moderate  nutritional  deficiency  reveals  that 
about  half  of  the  albumia  nitrogen  is  utilized  for  tissue  and  tumor  needs. 
There  is  no  evidence  of  a  markedly  increased  rate  of  albumin  degradation  in  this 
patient. 

Significance  to  Cancer  Research:  Patients  with  neoplasm  develop  low  serum 
albumin  levels  which  may  be  directly  due  to  the  prssence  of  cancer  or  eui 
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indirect  effect,  attributable  to  malnutrition.  Detennination  of  the  fate  of 
intravenously  administered  albumin  load  under  several  conditions  will  help 
to  clarify  the  problem.  Nutritional  evaluation,  of  intravenously  administered 
albumin  can  be  undertaken  at  the  same  time. 

Proposed  Course  of  the  Project:  Repeated  studies  in  two  patients  with  carcinomas 
and  in  two  patients  with  lymphomata  will  require  at  least  a  full  year.  Ideally, 
study  should  be  carried  out  with  the  patient  in  good  nutrition  with  the  disease 
quiescent,  later  with  discernable  disease  activity,  again  with  the  patient  being 
moderately  malnourished  and  finally  in  a  markedly  deficient  nutrttional  state. 
Compromise,  of  course,  will  be  made  as  necessary. 
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METABOLIC  STUDY  OF  SERIM  PROTEINS;   DETERMINATION  OF  PROTEIN  TURNOVER  RATES  BY 
PROJECT  TITI£  j.^j^^g  Qp  isOTOPii  LABELED  AMINO  ACID  INCORPORATION. 


DR.  JOHI'I  L.  FAHEY 
'principal  INVESTIGATOR(S) 


OTHER  INVESTIGATORS 

I.  PROJECT  DESCRIPTION 

Objective:  The  objective  of  this  project  is  to  characterize  the  synthesis  and 
degradation  of  the  serum  proteins  in  patients  with  neoplastic  disease. 

Methods  Employed*  Plasma  protein  separation  will  be  undertaken  by  cold  ethanol 
fractionation  (Method  10  of  Cohn)  and  hy   cellulose  column  chromatography,  when 
available.  Labeling  of  proteins  can  be  done  by  administration  of  Nl5  or  SJ*? 
labeled  amino  acids.  Determination  of  isotope  content  can  be  made  by  the  usual 
means,  and  rates  of  protein  degradation  calculated. 

(Patient  Materia^   ^j^^  ^^  ^   „3„  project. 
J_Major  Findings/^ 

Significance  to  Cancer  Research:  Patients  with  cancer  may  have  abnormalities 
of  the  serum  proteins.  No  studies  have  been  reported  utilizing  in  vivo  labeling 
methods  for  characterizing  serum  protein  metabolism.  Correlation  with  clinical 
information  and  with  therapy  effects  should  provide  information  as  to  soma  of  the 
factors  controlling  individual  serum  protein  component  levels  in  man. 

Proposed  Course  of  the  Project:  The  initial  efforts  this  year  will  be  directed 
toward  establishment  of  the  cold  ethanol  fractionation  procedure  and  introduction 
of  paper  electrophoresis.   Isotope  measureiaents  will  have  to  be  arranged  by 
collaboration  or  by  development. 

Subjects  for  study  will  be  selected  on  the  basis  of  diagnosis,  clinical  disease 
status,  nutritional  state  and  availability  for  serial  studies. 
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CHROMATOGRAPHY  OF  PROTEINS:   SEPAflATION  AND  ANALYSIS  OF  THE  COMPONENTS  OF  BLOOD 
PROJECT  TITLE  SEEDFr   '  ~ 


Dr.  J.  L,  Fahey 
Ikincipal  INVESTIGATOR(S) 

H.  Sober  and  E.  Peterson  (Laboratory  of  Biochemistry,  NCI) 
OTHER  INVESTIGATORS 

PROJECT  DESCRIPTION 

Objective:  The  objective  of  this  project  is  to  further  characterize  the  serum 
proteins  from  normal  and  cancerous  patients  by  application  of  new  methods  of 
protein  separation* 

Methods  Employed:  Drs.  Sober  and  Peterson  of  the  Laboratory  of  Biochemistry, 
NCI,  have  designed  systems  of  substituted  cellulose  columns  on  which  protein 
components  move  differentially  under  pH  and  salt  gradients,  in  controlled 
temperature  conditions  (cold  room).  Fourteen  serum  protein  components  have 
been  identified  and  characterized  by  electrophoretic  and  spectrophotometrio 
means . 

Patient  Material:  (1954)  One  patient,  admitted  primarily  for  another  project, 
was  utilized  for  this  study. 

Major  Findings:  During  the  past  year  a  leukemic  patient  was  studied  at  6 
different  stages  of  disease  activity.  Component  alterations  were  observed 
which  indicate  a  correlation  with  disease  state. 

Significance  to  Cancer  Research:   The  alteration  of  body  protein  raetaboliBW  in 
neoplastic  states  is  reflected  by  serum  protein  changes.  These  have  as  yet 
been  only  grossly  defined  by  other  analytical  means.  Further  identification 
and  characterization  of  the  serum  proteins  themselves  are  necessary  in  order 
that  the  causes  of  protein  abnormality  may  be  studied. 
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6.      ELBSTROPHOJIETIC  STUDY  OF  THE  SERliM  PROTEINS  IN  NEOPLASTIC   DISEASE  STATES 


PROJECT  TITLE 


JOHN  L.  FAHEY 


PRIMCIPAL  INVESTIOATOR(S) 
DR.  J.  L.  STEINFELD 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Objectives   The  objective  of  this  project  is  to  electrophoretically  quantitate 
the  serum  protein  changes  occurring  in  neoplastic  states  and  to  correlate 
these  changes  with  specific  aspects  of  the  clinical  status  of  the  patient. 

Methods  Employed:  Moving  boundary  (Tiselius)  electrophoretio  methods  describe 
the  relative  concentration  of  serum  proteins.  By  the  radioactive-iodinated 
albumin  method  (Dr.  Steinfeld)  plasnia  volume  can  be  determined.  Combining 
this  information  allows  measurement  of  the  intravascular  quantity  of  individual 
protein  components.  Also,  clinical  evaluation  of  the  type  of  disease,  disease 
activity,  metabolic  and  nutritional  state  of  the  host,  and  therapy  employed 
is  to  be  correlated  with  the  serum  protein  status. 

Patient  Material:  (1954)  Patients  admitted  to  the  Clinical  Center  for  other 
projects  were  utilized  for  this  study. 

Major  Findings:  About  one  hundred  electrophoretio  determinations  have  been 
completed  in  the  past  year.  Correlation  of  clinical  and  electrophoretio  data 
is  not  yet  complete. 

Significance  to  Cancer  Research:  A  better  delineation  of  the  sequence  of  plasira 
protein  changes  in  neoplastic  disease  is  needed,  for  this  is  an  aspect  of  tumor- 
host  relationship  which  lends  itself  to  quantitation.  Previously  reported 
studies  have  not  been  primarily  designed  so  as  to  carry  out  sequential  studies 
in  the  same  patients.  Also,  the  effects  upon  serum  proteins  of  the  anti-tumor 
therapeutic  regimens  is  generally  unknown. 
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Eloctropliore tic  Study  (cont'd) 


Proposed  Course  of  Project:  Emphasis  will  continue  to  be  upon  serial  determina- 
tions throughout  the  course  of  illness  in  the  patients  studied.  Following 
evaluation  of  preliminary  data  areas  of  special  interest  will  be  selected  for  more 
intensive  study.  Included  in  this  will  be  an  evaluation  of  the  changes  induced  by 
Cortisone  and  the  newer  steroid  hormones. 


Paper  electrophoretic  methods  will  be  explored  for  the  purpose  of  facilitating 
analytical  procedures. 
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6.  MEASlffiEMENT  OF  BLOOD  VOLUME,   RED  CELL  MASS  AND  TOTAL  CIRC  OUTING    ALBUMIN  IN 
PROJECT  TITLE       PATIENTS  WITH  CANCER  ""^"^  —  — , — 

7.  DR.  J.  L.   SIEINFELD 


PRINCIPAL  INVESTIGAtOR(S)' 


OTHER  INVESTIOATC«S 

PROJECT  DESCRIPTION 

A.  Objectives:  To  determine  whether  there  is  a  hypervolemia,  normovolemia  or 
^hypovolemia  in  patients  with  various  types  of  cancer,  correlating  blood  volume 
with  total  body  water  as  measured  with  antipyrine,  in  those  instances  where 

that  is  possible.  Also,  to  determine  the  presence  or  absence  of  changes  in  total 
red  cell  mass  rather  than  in  concentration  of  hemoglobin  and  further  to  measure 
total  albumin  rather  than  concentrations  of  albumin  in  various  types  £md  stages 
of  cancer. 

B.  Methods  Employed:  Injection  of  known  small  quantities  (5-10  microouries)  of 
I-'-^l  labelled  human  serum  albumin  and  measurement  of  its  dilution  as  determined 

by  counting  samples  of  whole  blood  and  plasma  removed  at  twenty  minutes.  Together 
with  hematocrit  and  albumin  concentration  this  permits  calculations  of  total 
circulating  albumin,  circulating  red  cell  mass  and  plasma  volume. 

C.  Patient  Material:  This  study  is  performed  on  patients  admitted  for  other 
study  programs  and  so  far  has  included  adult  males,  adult  females  and  children. 

Major  Findings: 

Anemia  as  measured  by  total  red  cell  mass  and  hypoalbuminemia  as  measured  by  total 
circulating  albumin  have  not  as  yet  been  correlated  with  extent  or  type  of 
cancer  since  too  few  values  are  available  for  any  conclusions  to  be  drawn, 

(Cont'd  on  next  page) 
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Significance  to  NCI: 

Studies  such  as  this  enable  one  to  define  anemia  and  hypoalbumlnemla  more  clearly 
than  concentration  studies  above.  Farther  knowledge  of  blood  volume  and  red 
cell  mass  ia  important  for  clinical  management  of  many  surgical  and  medical 
patients. 

Proposed  Course:  To  continue  to  measure  blood  volumes ^  red  cell  mass  and 
circulating  albumin  in  patients  with  cancer  who  have  been  admitted  for  other 
studies. 
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5,      ESTIMATION  OF  ,RED  CELL  SURVIVAL  IN  PATIENTH  WITH  ADVANCED  NEOPUSTIC   DISEASE 
PROJECO!  TITLE  BEFORE  AND  AFTE^rTREAlMENf 


?.   DR.  J.  L.  STEINFELD 

PRINCIPAL  INVESTIGATOR (S)" 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

A.  Objectives:  To  estimate  the  life  of  the  red  cell  in  patients  with  advanced 
cancer,  first  to  determine  if  life  span  is  short  and  second  to  ascertain  what 
effect,  if  any,  treatment  of  the  neoplasm  has  on  the  life  span  of  the  red  cell. 

B.  Methods t  In  vitro  incubations  of  Na2Cr51o^  with  50  cc  of  heparinized  blood 
followed  by  removal  of  plasma,  three  sterile  saline  washes,  rsconstitution  to 
50  cc  and  auto-transfusion.  Various  blood  samples  are  removed  without  stasis 
at  intervals,  the  radioactivity  per  cm^  of  the  blood  measuied  and  following 
appropriate  corrections,  the  average  life  of  the  red  cells  are  estimated. 


G.  Patient  Material: 


D. 


Admissions: 
Outpatients- 


Adult  Males 
Adult  Fernales 
Noveaaber 
Nuiriber  of  Visits 


No.  Average  Stay  in  Days 

8  20 

7  20 

(These  studies  may  be  pursued  while  other 
studies  are  in  pi'ogress.) 


Major  Findings:  The  average  life  of  tl:3  red   cells  in  all  those  patients  with 
active  neoplastic  disease  studied  to  date  hias  been  from  20  to  60  days,  con- 
siderably shorter  than  the  100  to  120  days  usually  quoted  as  average  red 
cell  life.  Thus  far  only  one  patient  has  been  studied  following  therapy 
(orchidectomy  for  disseminated  prostatic  carcinoma)  and  no  increase  in  red 
cell  life  was  found. 

(Cont'd  on  next  page) 
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E.  Significance  to  NCI:  This  method  may  be  useful  as  a  parameter  for  estimating 
the  effect  of  either  conventional  and/or  new  forms  of  cancer  therapy  if  correlation 
is  obtained  between  clinical  improvement  and  increase  in  red  cell  life. 

Proposed  Course  of  Project:  At  least  fifteen  patients  who  have  malignancies 
amenable  to  therapy  and  shortened  average  red   cell  life  before  therapy  should  be 
studied  in  pre-  emd  post  therapy  states.  Patients  will  be  studied  as  in  or 
out-patients  depending  on  their  clinical  status  and  concomitant  research  on  their 
disease. 
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THE  INFLUENCE  OF  DELTA-AMINOLEVULINIC  ACID  AND  SOME  OF  ITS  ANALOGUES  ON 


PROJECT  TITLE  TUMOR  GROWTH 


DONALD  TSCHUDT 

PRINCIPAL  INVESTIGATOR(S) 


MILTON  WINITZ 


OTHER  INVESTIOATCRS  — — 

PROJECT  DESCRIPTION 

Objectives;  Given  in  (6). 

Methods:  Compounds  will  be  injected  into  human  subcutaneous  tumors  and  growth 
rates  studied. 

Findings:  None  as  yet,  / 

Significance  to  NCI:  Delta-euninolevulinic  acid  has  been  shown  to  be  an  intermediate 
in  the  biosynthesis  of  pyrroles  and  can  contribute  its  delta  carbon  atom  as  the 
ureido  carbon  of  purines.  This  compound  and  some  of  its  analogues  are  being 
synthesized  in  an  attempt  to  determine  whether  human  tumor  growth  can  be 
stimulated  by  the  compound  and  inhibited  by  its  analogues.  Since  this  compound 
is  a  substrate  in  certain  "one  carbon  transfers,"  analogues  of  this  compound 
might  possibly  augment  the  growth  inhibitory  effect  of  compounds  already  known 
to  interfere  with  "one  carbon  transfer."  It  will  be  injected  into  human 
subcutaneous  metastases  in  different  concentrations  alone  and  in  combination 
with  other  agents.  The  effects  on  bacterial  growth  will  also  be  studied. 
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TECHNICAL  ASSISTAiiCE  [J 


ij:  COQPERATINO  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  QROANIZATIOTJS^  FRO- 

VIDING  FUNDS,  FACILITIES,  CR  PERSCMREL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 


None 


Iir   IF  THIS  PROJECT  RESEMBLES,  COMPLEMENTS,  CR  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  IHTERCHANOE  OF  PERSONNEL,  FACILITIES  OR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


No  entries  for  14,  15,  16  and  17 
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!•   NCI 

INSTITOTg 


2.  General  Medicine  Branch 


LABORATORY  Cfi  BRANCH 


SECTION  OR  SERVICE 


LOCATION  (IF  OTHER  THAN  BETHESDA)   SERIAL  NO 


6,   Aldolase  and  other  Serum  Enzymes  in  Patients  with  Cancer, 
PROJECT  TITLE  °™" 


7.   Dr.  Laurens  P.  White 

PRINCIPAL  INVESTIOATaR(S) 


OTHER  INVESTIGATORS 


9.  PROJECT  DESCRIPTION 

Objectives:  To  determine  factors  responsible  for  elevation  of  aldolase  in  serum 
of  some  cancer  patients;  to  correlate  this  elevation,  if  possible,  with  nitrogen' 
balance,  creatine  and  creatinine  excretion,  and  observe  effects  of  varied  diet. 
Similar  objectives  pertain  to  measurement  of  other  serum  enzymes. 

Methods:   Biochemical  measurement  of  blood  and  urine  constituents 
Metabolic  balance  studies 

Patients:   None  yet.  Will  study  patients  with  malignancy,  muscular  dystrophy 
and  thyrotoxicosis  as  well  as  normals. 

No  resu Its  to  date. 
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AiailHISTRATION  /7 

TECHNICAL  ASSISTAKCE    £J 


IfT^CO^ 

VIDIMG  FUNDS,  FACILITIES,  Ol  PERSOCNEL  PCR  THIS  PROJECT  IN  ErfHER  1955  or  I956: 


None 


VC.     IF  THIS  PROJECT  RESEMBUES,  CC*1PLEMEN^7  CR  PARALLELS  RESEARCH  DOJIE  ELSEWHERE 
IN  THE.  PUBLIC  HEALTH  SERVICE  (WITHOUT  BITERCHAIRJE  OP  PERSONNEL,  FACIUTIES  OR 
FUNDS),   PDEKTIFY  SUCH  RESEARCH: 
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NCI 
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2.     GEI^RAL  MEDICINE  BRANCH 
LABdU^QRY  CB  £RAIfCH 


SECTION  CS  SEKVICB 


LOCATICS   (IF  OTHER  THAN  BETHESDA)   SERIAL  NO 


6    STUDY  OF  THE  VALUE  OF  A  SKIN  TEST  USING  POLYSACCHARI  IE  IN  CANCER  AND 
PROJECT  TITLE NON-MLIONAHT  DISEASES 


DRS, 

,  MURRAY  SHEAR  AND  JOHN 

H. 

TUOHY 

PRINCIPAL  INVESTIGATaR(S) 

DR. 

R.  UNE  WROTH 

OTHER  INVESTIGATORS 


PROJECT  DESCRIPTIOW 

Using  a  solution  containing  a  polysaccharide  material  from  a  bacterial  source 
efforts  are  made  to  determine  the  reaction  in  the  skin  of  patients  with  both 
malignant  and  non-malignant  diseases  to  varying  doses  injected  intracutaneously. 
By  this  meeins  information  as  to  the  specificity  of  such  reaction  in  cancer 
patients  is  being  sought. 

These  efforts  are  in  a  sense  an  attempt  to  obtain  confirmatory  evidence  of  the 
previously  reported  successful  application  of  a  similar  test  using  material 
from  mammalian  sources  by  at  least  one  Japanese  investigator. 
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12.  BUDGET  ACTIVITY: 


RESEARCH 

REVIEW  &  APPROVAL  [J 
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OECHNICAL  ASSISTANCE  [J 


13^  COOPERATING  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  C«  OTHER  QRGANIZATIOife ,  PRO- 

VIDING  FUNDS,  FACILITIES,  CR  PERSCWNEL  FC«  THIS  PROJECT  IN  EITHER  1955  or  I956: 


LABORATORY  OF  CHEMICAL  PHARMACOLOGY,  NCI 


W.      IP  THIS  PROJECT  RESEMBLES,  COMPLEMENTS,  (»  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  OF  PERSONNEL;  FACILITIES  OR 
FUNDS),  IDENTIFY  SUCH  RESEARCH:  NOlffi 
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PROJECT  REPCRT  FC3RM 


1.    NCI 


INSTITUTE 


2.   General  Medicine  Branch 


LABORATORY  CR   BRANCH 


SECTION  OR  SERVICE 


LOCATION  (IF  OTHER  THAN  BETHESPA)   SERIAL  NO 


6.   EVALUATION  OF  BLOOD  AND  PLASMA  WATER  CONTENT  IN  PATIENTS  WITH  MALIGNANT  NEOPLASMS 
PROJECT  TITLE 


7.       John  H.  Tuohy 

PRINCIPAL  IliVESTIGATOR(S) 


6.   None 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

The  purpose  of  this  project  is  to  determine  whether  there  is  a  difference  in 
the  blood  and  plasma  water  content  of  patients  with  malignant  neoplasms  as 
compared  with  normal  controls  and  patients  with  non-malignant  diseases.  The 
initiating  idea  stems  from  the  demonstrated  fact  that  tumor  tissue  has  a  high 
content  of  water. 

Determinations  are  by  t;he  use  of  the  Karl  Fischer  reagent,  a  chemical  method 
designed  to  avoid  the  ■^edibus  method  of  drying  samples  to  constant  weight. 
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W. COOPERATING  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  CR  OTHER  ORGANIZATIONS,  PRO- 

VIDING  FUNDS,  FACILITIES,  CR  PERSONNEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 


None 


W.  IF  THIS  PROJECT  RESEMBLES,  COMPLEMENTS,  OR  PARALLEIS  RESEARCH  DONE  ELSEWI^E^ 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  OP  PERSONNEL,  FACILITIES  CR 
FUNDS),  IDENTIFY  SUCH  RESEARCH:  None  known. 
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SECTION  OR  SERVICE  "LOCATION  (iF  Oimi  THAN  BETHESDA)   SERIAL  NO 


SULFHYDRYL  AND  DISULFIDE  METABOLISM  IN  SKIN  AND  MUCOUS  MEMBRANES  AS  RELATED  TO 

PROJECT  TITLE  ' 

KERATINIZATION 


Dr.  E.  J.  Van  Soott 

PRINCIPAL  INVESTIGATQR(S) 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

PROJECT:  This  is  a  continuation  of  project  submitted  one  year  ago  under  the 
asune  title.  The  continued  aim  of  this  project  is  to  further  elucidate  the 
role,  anatomical  and  chemical  sites  of  sulfhydryl  and  disulfide  metabolism 
in  the  epidermis  as  occura  in  normal  and  pathological  states  of  the  skin. 

OBJECTIVE:  As  above,  with  the  possibility  held  that  significant  differences 
in  sulfur  metabolism  may  be  found  in  normal  and  pathological  conditions  which 
will  lead  to  more  rational  approaches  to  therapy  of  certain  skin  diseases. 

METHODS  EMPLOYED:  Sulfhydryl  and  disulfide  values  on  lyophilized  powdered  skin 
and  mucous  membrane  tissues  to  be  determined,  using  the  sulfhydryl  reagent 
(l-(4.-Chloromercuriphenyl-azo)-naphthol-2).  More  discrete  localizations  of 
-SH  and  S-^  will  be  attempted  by  isolation  of  protein  fractions  of  epidermis. 

MAJOR  FINDINGS:  Considerable  time  has  been  given  to  refining  the  chemical 
methods  used.  The  previous  findings  of  large  amounts  of  free  sulfhydryl  in  the 
stratum  comeura  of  psoriatic  skin  has  been  reaffirmed,  the  fact  being  exploited 
in  a  clinical  program  of  therapy  for  psoriasis. 

f 
SIGNIFICANCE  TO  CANCER  RESEARCH:  Keratinization  is  a  phenomenon  occurring  in 
several  types  of  cancer  of  skin  and  other  epithelial  stmicturesj  particularly 
in  squamous  cell  carcinoma  premature  keratinization  of  epithelial  cells  takes 
place.  By  appropriate  chemical  analyses  and  examinations  of  such  tumors 
significant  defects  in  the  keratinization  process  is  hope q to  be  found. 

PROPOSED  COURSE  OF  PROJECT:  As  outlined  above  but  with  emphasis  placed  on 
examination  of  mora  types  of  tissue  specimens. 
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W.     PUBLICATIONS  OTHER  THAN  ABSTRACTS  FRCM  IBIS  PROJECT  DURING  CALENDAR  YEAR  199<»: 

SULFHYDRYL  GROUPS  AND  THE  DISULFIIE  LINICACE  IN  NORMAL  AND  PATHOLOGICAL 
KERATINIZATION,  VAN  SCOTT,  E.  J.  AND  FLESCH,  P.,  ARCH.  DERM.  &  SYPH.,  1954 


17:  HONORS  AND  AWARDS  TO  PERSONNEL  RELATINQ  TO  THIS  PROJECT  DURING  CALENDAR  IfEAR 
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IKSTITU1E  LABOBATORY  CR  BRAKCH 

SECTION  CR  SERVICE  L0CATI(3f  (IF  O^^TtHAN  BETHESDA)   SERIAL  NO 

;.   HISTOLOGIC  AND,  HISTOCHEMICAL  ANATOMY  OF  CERTAIN  SKIN  LESIONS 


PROJECT  TITLE 


DR.  E.  J.  VAN  SCOTT 

PRINCIPAL  IWVESTIGATQR(S) 


DR.  ROSS  MAC  GARDLE 


OTHER  INVESTIGATORS 

►.  PROJECT  DESCRIPTION 

PROJECT;  Micro-anatomy  of  elemental  cutaneous  struotures. 

OBJECTIVES:  (a)  To  determine  structural  changes  of  tonofibrils  in  epidennls  during 
the  transition  of  cells  to  keratinized  structures,  (b)  To  determine  the  ele- 
mental changes  within  the  hair  follicles  which  lead  to  the  lesion  of  acne 
vulgaris,  (o)  To  study  the  anatomical  changes  in  epidermis  occurring  with  aging, 

.  METHODS  EMPLOYED:  Biopsies  of  human  skin  are  serially  sectioned  both  vertically 
and  parallel  to  the  skin  surface  and  stained  with  several  stains,  including  H  &  E, 
Masson's,  SS^^   trichrome,  Barnett's  stain  for  -SH  and  S-,?,  Further  sections 
are  micro-incinerated.  Reconstruction  of  the  more  gross  anatomy  of  hair 
follicles  and  other  appendages  is  made  by  examination  of  such  serial  sections, 

MAJOR  FINDINGS :  No  statistically  verified  findings  to  date, 

SIGNIFICANCE  TO  CANCER  RESEARCH:  Changes  within  the  epidermis,  particularly 
of  the  tonofibrils,  will  be  evaluated  in  the  dyskeratatic  phenomena  seen  in 
skin  cancers, 

PROPOSED  COURSE  OF  PROJECT:  As  outlined  above,  procedures  to  be  carried  out 
on  a  larger  number  of  skin  specimens. 
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li.     COOPERATING  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  QRGANIZATIOJS ,  PRO- 

VIDING  FUNDS,  FACILITIES,  OR  PERSONNEL  FCS^  THIS  PROJECT  IN  EITHER  1955  or  I956: 

This  project  is  a  cooperative  one  between  the  General  Medicine  Branch  of 
NCI  (Van  Scott)  and  the  Department  of  Pathology  (MacCardle). 


.1^  IF  THIS  PROJECT  RESEMBLES,  COMPLEMENTS,  CR  PARALLELS  RESEARCH  DONE  ELSEVTHERE" 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  OF  PERSCNNEL,  FACILITIES  CR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 
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INSTITUTE  LABCRATORY  CR  BRANCH 

SECTKSI  OR  SERVICE  LOCATION  (IP  OTHER  THAN  BETHESDA)       SERWL  NO 


6.      ARGINASE  ACTIVITY  OF  SKIN  AND  MUrOUS  MEMBRAI^S  AND  TIJF^  RELATIONSHIP  TO  NOK^AL 
PROJECT  TITLE         ^jjq  PATHOLOGICAL  KERATINIZATION 


7.   DR.  E.  J.  VAN  SCOTT 

PRINCIPAL  INVESTIGATOR  (S); 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

This  is  a  continuation  of  project  submitted  one  year  ago  under  the  same  title, 
the  design  of  which  is  to  more  thoroughly  study  the  enzyme  arginase  in  skin  and 
related  tissues. 

OBJECTIVES:  To  determine  the  arginase  activity  of  epidermal  tissues,  both 
no:nnal  and  abnormal,  including  carcinoma  more  thoroughly^ and  to  study  the  state 
of  activation  in  which  the  enzyme  is  found  in  the  native  tissue.  Sjmilai  studies 
to  be  carried  out  on  the  "epidermis"  of  the  mucous  membranaa  and  tia,3uetj  under- 
going squajuous  metaplasia. 

METHODS  EMPLOYED:  Epidermis  from  skin  and  mucous  membranes  is  separated  from 
underlying  corium  by  the  stretch  method.  Successive  layers  of  human  plantar 
epidermis  obtained  with  microtome.  Tissue  is  dried  while  in  the  frozen  state 
and  later  powdered  in  a  Wiley  Mill.  "Potential"  arginase  activity  is  determined 
by  activation  with  Mn  ion.  "Native"  activity  determined  without  activation 
by  Mn  ion.  Determination  of  arginase  activity  is  done  with  Dubnoff  Shaker  and 
Warburg  Respirometer, 

MAJOR  FINDINGS:  Technique  of  determining  arginase  has  been  standardized.  Of  the 
tissues  studied  thus  far  psoriatic  epidermis  has  been  found  to  be  distinctly 
different  from  other  tissues  in  that  it  has  a  very  high  potential  arginase 
activity,  although  having  an  extremely  low  native  activity, 

SIGNIFICANCE  TO  CANCER  RESEARCH:   The  role  and  state  of  arginase  is  yet  to  be 
thoroughly  investigated  in  carcinoma  of  skin  and  related  tissues  for  comparative 
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ARGINASE  ACTIVITY  OF  SKIN  AND  MUCOUS  MEMBHANES  (cont'd) 

purposes,  with  the  possibility  held  that  the  activity  of  the  enzyme  may  be 
modified  in  vivo  to  influence  the  growth  of  the  tumors. 

PROPOSED  COURSE  OF  PROJECT:  As  outlined  above,  as  well  as  attempting  to 
isolate  the  protein  fraction  of  epidermis  which  contains  the  enzyme.  Isolating 
of  the  water  soluble  proteins  will  be  attempted  on  protein-separation-oolumns* 
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IKSTmJTE  LABORATORY  CB  BRAKCH 

SECTICW  OR  SERVICE  LOCATIOH  (IF  OTHER  THAN  BETHESDA)   SERIAL  NO 

6.   CHEMOTHERAPY  OF  SKIN  CANCER  AND  SKIN  DISEASES  BY  IONTOPHORESIS 
PROJECT  TITLE  ' 


1,      DR.  E.  J.  VAN  SCOTT 

PRINCIPAL  INVESTIGATORCS) 


OTHER  INVESTIGATORS 

9.  PROJECT  DESCRIPTION 

PROJECT:  Iontophoresis  of  materials  through  the  skin.  A 

OBJECTIVES:  To  determine  the  effects  of  galvanic  current  in  skin  diseases  and 
skin  tumors,  and  the  effect  of  various  substances  introduced  by  iontophoresis. 

METHODS  H-IPLOYED:  Suitable  ohemotherapeutic  drugs  currently  in  use,  as  v/all 
as  particular  metallic  ions,  are  to  be  introduced  into  the  skin  by  galvanic 
,  current. 

PATIENT  MATERIAL:   (1954  calendar  year)  None  -  project  now  being  instituted. 

MAJOR  FINDINGS:  None  to  date. 

SIGNIFICANCE  TO  CANCER  RESEARCH:  (a)  To  determine  the  direct  effect  of  ohemo- 
therapeutic agents  on  csmoers  found  in  the  skinj  (b)  to  determine  the  effect 
of  withdrawal  and  introduction  of  metallic  ions  on  skin  tumors,  hair  growth, 
etc, 

PROPOSED  COURSE  OF  Fi^JECT:  As  outlined  above. 
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3.   STATISTICAL  INCIIENCE  AND  TYPES  OF  PICKENTED  LESIONS  ON  THE  PALMS  AND  SOLES- 


PROJECT  TITLE 


r.   DR.  E.  J.  VAN  SCOTT,  DR.  CHARLES  MG  CALL 
PRINCIPAL  INVESTIGATOR(S) 


OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Pack,  on  the  basis  of  examinations  of  1,000  routine  patients,  has  reported  that 
pigmented  lesions  occur  on  the  palms  and  soles  in  an  incidence  considerably 
below  1^.  Casual  observations  of  random  patients  and  other  individuals  by  the 
investigators  listed  herein  would  seem  to  suggest  a  considerably  higher  incidence. 

OBJECTIVES:  To  determine  statistically  the  incidence  of  pigDiented  lesions 
occurring  on  the  palms  and  soles  in  a  randomly  selected  group  of  individuals 
and  to  detenaine  by  biopsy  the  histological  nature  of  these  lesions, 

METHODS  MPLOYED:  Examination  of  skin  of  patients  in  Clinical  Center,  as  well 
as  employees  In  Employee  Health  Unit  for  palniar  and  plantar  nevi  with  biopsy- 
excision  of  appropriate  ones. 

MAJOR  FINDINGS:  To  data  approximately  300  individuals  have  been  examined 

and  approximately  255^  have  pigmented  lesion  on  either  their  palms  or  soles*  Out 

of  seven  lesions  biopsied,  six  have  been  junction  nevi  histologically. 

SIGNIFICANCE  TO  GANGER  RESEARCH:  On  the  basis  of  Pack's  findings  that  pigmented 
lesions  occur  on  palms  and  soles  in  a  negligible  incidence  and  that  malignant 
melanoma  occurring  on  these  regions  account  for  approximately  ^%   of  all  melanomas, 
the  practice  has  been  to  remove  all  pigmented  lesions  from  these  areas.  Apart 
from  the  above  possible  erroneous  concept  regarding  incidence  of  pigmented 
lesions  on  these  areas,  to  remove  lesions  from  all  large  segment  of  the 
populations  is  an  impossible  undertaking.   Fundamentally,  though,  it  would  seem 
imperative  to  ascertain  whether  or  not  pigmented  lesions  occurring  on  the  palms 
and  soles  have  any  greater  predilection  toward  inalif^'nant  change  than  lesions 
on  other  parts  of  the  body. 
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Cancer  2.        Surgery 


IMSTITUTB  LABORATORY  CR  BBAKCH 

SECTION  CR  SERVICE  JJOCATION  (IP  CTHER  THAN  BETHESDA)   SERIAL  HO 

Removal  of  cancer  and  other  tissues  for  histologic,  biochemical  or  other 

studies  as  required  by  scientists  and  other  investigators  for  correlated  stiidles. 

PROJECT  TITLE 


Dr,  R.  R.  Smith  &  Dr.  J.  H.  Waite 

PRINCIPAL  INVESTIOATQR(S) 

Dr.  Donald  Cole  -  Dr,  Ross  Miller  - 

-  Dr. 

Lester  Cramer 

OTHER  INVESTIGATORS 

PROJECT  DESCRIPTION 

Objective^! 

The  objective  of  this  p 'o ject  is  to  supply  tissue  for  histologic,  histo- 
chemical,  biochemical  or  biophysical  studies  to  scientists  working  in  various 
branches  of  N.C.I,  who  require  human  tissue  for  other  sttidies.  Usvially  such 
studies  are  don©  as  cooperative  projects  with  various  investigators  but  on 
occasion  specific  types  of  tissue  are  required  by  investigators  for  a  specific 
study,  i.e.,  an  investigator  has  requested  that  a  specimen  of  skin  and  its 
associated  neoplasm  be  madr:  available  for  studies  of  keratinization,  various 
muscle  biopsies,  and/or  biopsies  of  liver  tissue  under  specific  conditions 
have  been  requested.  As  a  rule  these  materials  are  obtained  during  an  operation 
done  for  therapeutic  reasons. 

Methods  Employed; 

Me.thods  employed  are  standsird  surgical  procedures, 

patient  Material; 

The  material  for  this  project  is  largely  obtained  from  patients  in  for 
other  projects.  2  males  and  2  females  were  admitted  specifically  for  this 
project,  with  an  average  stay  of  43  days.  No  outpatients,  95  operations 
such  as  biopsies,  excisional  biopsies  or  removal  of  organs  were  performed 
for  other  branches  and/or  other  institutes. 
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Major  Findings; 

Presented  in  reports  of  other  projects  by  other  investigators. 

Significance  to  Cancer  Research; 

This  project  is  more  or  less  a  service  function  for  other  branches 
of  N.C.I,  and  N.I.H. 

Proposed  Couyse  of  Pro-iect! 

During  the  coming  year  the  number  of  such  cases  will  undoubtedly 
Increase . 
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Evaluation  of  Radical  Surgery  and  the  Development  of  New  Surgical  Techniques 
as  a  Therapeutic  Means  of  Palliating  or  Definitive  Therapy  of  Advanced 

Cancer. 

PROJECT  TITLE  ^""—^ -~- — — — 


Dr.  R.  R.  Smith 

PRINCIPAL  IMVESTIGATOR(S) 


Dr.  J.  H.  Waite 


OTHER  INVESTIGATORS  — — — '■ 

PROJECT  DESCRIPTION 

Ob.iectives ; 

Present  day  cancer  therapy  is  successful  only  upon  complete  removal  of  a 
cancer  or  its  local  destruction  by  physical  agents,  i.e.,  surgery,  radiation 
or  chemotherapy.  The  low  over-all  salvage  rate  by  any  method  (15-30^)  points 
to  the  ineffectiveness  of  the  tools  we  now  use.  Examples  of  this  are  found 
in  cancer  of  the  cervix  and  in  head  and  neck  cancer.  In  these  two  areas  the 
over-all  salvage  rate  is  very  low.  In  cancer  of  the  cervix  radiation  therapy 
of  early  Stage  I  is  an  effective  means  of  controlling  the  disease j  giving  up 
to  80^  five  year  3^^^vivals.  However,  in  Stage  III  &  IV,  which  is  the  most 
common  type  of  cancer  seen  clinically,  the  over-all  salvage  rate  drops  to 
from  13  to  0%,     The  over-all  salvage  rate  for  cancer  involving  the  tongue, 
pharynx,  antrum  and  extrinsic  larynx  is  still  under  U0%.     The  total  salvage 
is  probably  closer  to  20^.  The  reason  for  the  low  sxirvival  rate,  as  discussed 
in  the  project  on  '"wound  seeding",  is  probably  caused  by  many  factors,  one  of 
which  is  the  ineffective  means  we  have  of  taking  care  of  the  cancer  once  it 
has  spread  from  its  primary  site.   It  is  the  objective  of  this  project  to  study 
the  cancers  of  this  group  from  a  surgical  standpoint,  to  develop  new  techniques 
of  therapy,  and  to  allow  broadening  of  the  surgical  base  as  an  attack  upon 
the  group. 

Methods  Employed; 

Patients  with  advanced  cancer  of  the  pelvis  and/or  head  and  neck  areas, 
without  clinical  evidence  of  widespread  dissemination  of  the  disease,  have 
been  admitted  for  complete  study.  These  cases  also  provided  clinical  material 
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for  other  projects  vinderway  in  other  parts  of  the  Cancer  Institute,  i.e., 
metabolic  balance  observations  on  advanced  cancer,  special  biochemical 
studies,  endocrine  studies,  and  have  provided  human  cancer  tissue  for 
investigators  in  biochemistiy  in  other  areas  of  the  NIIl.  At  the  same  time 
they  provided  material  for  the  surgeons  to  develop  means  to  help  control 
advanced  cancer.  This  project  is  in  reality  composed  of  a  number  of  projects 
but  becavise  of  the  relative  infrequency  of  a  specific  type  of  cancer, 
studies  must  be  arranged  to  take  advantage  of  the  clinical  material  avail- 
able at  any  specific  time.  One  of  the  prominent  and  interesting  facets 
of  this  study  has  been  the  study  of  paranasal  sinus  cancer.  As  noted  in 
previous  reports,  cancer  of  the  frontal  and/or  ethmoid  paranasal  sinuses 
Is  rare.  However,  when  the  more  common  type  of  antral  cancer  has  extended 
to  any  degree,  the  ethmoid  cells  are  involved  and  the  cribriform  area  does 
become  involved.  An  operation  has  been  developed  whereby  an  en  bloc  re- 
section of  the  floor  of  the  anterior  cranial  vault  is  removed  in  continuity 
with  the  fronteil  sin\is,  the  ethmoid  sinuses,  the  contents  of  the  orbit, 
the  nose  and  the  maxilla.  Several  cases  of  the  pharyngeal  wall  have  been 
obtained  for  stiidy  in  which  an  increasing  amount  of  pharynx  has  been  re- 
moved with  primary  restorative  surgery  performed. 

As  noted  in  the  project  on  virus  studies  of  cervix  cancer,  26  cases 
of  cervix  cancer  have  been  admitted.  In  addition,  3  cases  with  primary 
carcinoma  of  the  rectosigmoid  have  been  studied  in  the  same  manner.  The 
problems  involved  in  uretero-intestinal  anastomoses  have  been  investigated 
and  the  nine  pelvic  exenterations  in  which  uretero-intestinal  transplants 
have  been  performed  provided  clinical  material  for  observation  of  these 
methods.  At  the  present  time  a  method  of  implanting  the  ureters  is  being 
studied  in  which  a  cuff  of  rectal  mucosa  is  inverted  around  the  nipple  of 
ureter,  forming  a  more  natioral  ostium.  The  ever-present  ascending 
urinary  infection  is  still  present,  however,  pointing  to  the  ineffective- 
ness of  this  means  of  handling  the  ureters  once  extensive  surgery  of  the 
pelvic  organs  has  been  performed. 

Patient  Material: 

As  noted  in  previous  projects  there  is  an  overlap  of  patient  material 
between  this  study  and  other  studies.  There  are,  however,  16  patients  who 
were  admitted  primarily  for  this  type  of  study.  12  adult  males,  3  adult 
females,  1  female  child  -  for  an  average  of  56  days. 

Number  of  Out-patients  -  16,  Number  of  Visits  -  19. 


tfejor  Findings; 

During  this  first  year  of  study  the  main  emphasis  has  been  on  the 
development  of  technical  procedures  to  allow  normal  physiologic  processes 
to  occur  following  the  radical  removal  of  large  portions  of  the  body. 
There  is  considerable  advancement  in  the  niu-sing  care  provided  for  this 
type  of  patient.  Procedure  for  en  bloc  removal  of  a  large  portion  of  the 
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paranasal  sinus  area  in  continuity  with  the  orbit  and  part  of  the  cranial 
cavity  has  demonstrated  the  feasibility  of  this  approach  and  suggests 
the  possibility  of  more  effective  initial  therapy  of  paranasal  sinus 
cancer.  In  the  study  of  pelvic  cancer  patients  undergoing  radical  surgery 
methods  for  developing  an  effective  uretero-intestinal  anastomosis  have 
been  studied  with  negative  results. 

Significance  to  Cancer  Research; 

The  development  of  a  more  effective  means  of  controlling  advanced 
cancers  in  tliese  areas  is  a  part  of  the  fundamental  purpose  of  the 
Cancer  Institute's  program.  It  also  provides  a  means  of  obtaining 
necessary  clinical  cancer  material  for  other  projects  in  the  Cancer 
Institute. 

Proposed  Course  of  Project; 

During  the  coining  year  it  is  proposed  to  continue  the  study  of  these 
cancers  which  occur  at  rather  infrequent  intervals  to  develop  an  experience 
and  new  methods  of  primary  surgical  therapy  plus  a  combination  of  surgery 
and  chemotherapy  to  the  primary  cancers.  It  is  visualized  that  during 
the  coining  years  the  most  fruitful  course  for  such  a  project  to  take 
would  be  in  conjunction  with  other  projects  described  under  the  wound 
seeding  experiment  whereby  definitive  therapy  of  wounds  which  at  the 
present  time  are  considered  only  borderline  operable  will  be  made  curable 
by  means  of  therapies  directed  to  the  wovind  after  excision  of  the  primary 
tumor. 
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Clinical  Investigation  of  the  Use  of  Viral  Agents  in  the  Treatment  of 
6.   Hiunan  Cervix  Cancer. 

PROJECT  TITI£   ^— — — — ' 


7. Dr.  Robert  R.  Smith  -  Dr.  R.  J.  Hudbner 

PRINCIPAL  INViSTIGATOR(S) 


Dr.  Raymond  Chris tenson 


OTHER  INVESTIGATORS 

9.  PROJECT  DESCRIPTICai 

Objectives ; 

To  develop  means  of  treating  human  cervix  cancer  using  virus  cultures, 
attempting  to  reproduce  in  vivo  the  in  vitro  observation  of  the  destructive 
action  of  virus  cultvires  on  cells  in  tissue  ciilture. 

Methods  Employed: 

The  laboratory  observation  that  in  vitro  cultures  of  APC  viruses  grown 
on  a  tissue  culture  of  human  cervix  cancer  cells  caused  disintegration  of 
the  IleLa  cells  suggested  the  possibility  of  the  clinical  application  of  this 
viiais  to  hunan  cervix  cancer.  Dr.  Huebner  and  others  in  NIII  are  collecting 
considerable  data  on  the  distribution  and  other  characteristics  of  this 
group  of  viral  agents.  It  seems  apparent  that  most  of  the  population 
during  early  childhood  become  infected  with  one  or  more  types  of  APC  viruses 
but  in  the  older  age  groups  the  antibody  level  for  these  viriises  becomes 
very  low.  K  means  could  be  developed  to  allow  the  continued  growth  of 
such  a  virus  in  human  cancer,  a  potent  therapeutic  weapon  would  be  available. 

It  had  been  determined  through  previous  studies  involving  human  volunteers 
that  these  virus  cultures  did  not  produce  any  detectable  Illness  when  given 
intranasally.  It  did  not  contain  any  neurotrophic  elements,  but  had  been 
recovered  from  some  cases  of  acute  febrile  illnesses  in  some  patients  on 
the  IH'II  wards.  The  virios  is  grown  on  a  ^%   chick  serum  in  Hanks-Sirams 
solution  containing  He La  cells.  The  culture  is  filtered  through  a  Slnterold 
glass  filter  to  remove  all  particulate  matter  before  using  in  this  study, 
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At  the  start  of  the  investication  it  v;as  decided  to  try  patients  with 
disseminated  disease  in  which  all  other  means  of  therapy  had  been  exhausted. 
The  first  observations  were  made  on  patients  in  which  the  virus  cultxrre 
fluid  was  injected  directly  into  the  f ungating  cervical  tumor.  An  additional 
method  of  studying  the  effects  of  the  virus  was  performed  by  means  of  intra- 
arterial use  of  the  drug.  A  small  polyethylene  catheter  was  passed  up  the 
femoral  artery  to  just  above  the  bifurcation  of  the  aorta.  With  tourniquets 
applied  to  both  lower  extremities,  injection  of  the  fluid  through  the 
catheter  would  limit  the  culture  fluid  almost  entirely  to  the  pelvic  structures. 
To  date  this  procedure  has  been  performed  on  two  patients.  Following  injection 
of  the  virus  culture  fluid,  repeated  observations  were  made  of  changes  in  the 
cervix  itself.  Repeated  biopsies  were  obtained  for  both  histologic  observation 
as  well  as  cultural  studies  to  determine  the  presence  or  absence  of  virus  in 
the  turaor.  Later  in  the  study,  when  the  effect  of  the  agent  on  cervix  cancer 
was  a  little  better  understood,  a  series  of  four  patients  were  obtained  in 
which  the  serum  of  two  patients  contained  antibodies  and  two  did  not  contain 
antibodies  to  the  virus  used  in  the  study.  In  14  to  18  days  following  the 
injection  of  the  virus  these  patients  were  then  subjected  to  exploratory 
laparotomy  and  attempts  made  to  do  a  total  pelvic  exenteration  or  whatever 
stirgery  was  indicated  to  remove  the  cancer.  Complete  studies  on  the  excised 
specimens  for  demonstration  of  cytologic  or  bacteriologic  changes  were  then 
possible.  In  a  more  recent  study.  Cortisone  has  been  used  before  and  during 
the  period  of  injection  of  the  vims  in  an  attempt  to  diminish  the  production 
of  antibodies. 

Patient  Material; 

Average  Stay  Days 
Admissions!  Adult  Male    0  0 

Adult  Female   26  68 

Outpatients  -  26     Visits  -  51 
Major  Findings; 

(1)  The  culture  fluid,  when  injected  into  a  cervix  cancer  of  a  patient 
who  has  no  antibodies  to  the  viriis  used,  obtains  a  specific  cytolytic  effect 
in  the  area  injected.  This  is  characterized  by  a  watery,  bloody  exudate 
with  the  formation  of  a  crater. 

(2)  When  the  culture  fluid  has  been  heated  to  a  degree  insuring  that  the 
vlinis  has  been  killed,  the  above  described  effect  does  not  occur. 

(3)  .K  a  live  culture  of  the  virus  is  injected  into  the  cervix  of  a 
patient  who  has  antibodies  to  the  virus  used,  the  above  reaction  does  not  occur* 

(A.)  If  a  second  injection  of  a  virus  is  given  to  a  patient  who  has  pre- 
viously been  sensitive  but  has  recently  developed  antibodies  to  the  virus, 
the  above  described  reaction  does  not  occur. 

(5)  In  10  to  lA  days  after  the  injection  and  after  the  observable  cyto- 
lytic action  has  occurred,  there  follows  a  regrowth  of  the  tumor  into  the 
crater  bed. 
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(6)  In  two  patients  there  has  been  concomitant  cavitation  of  puLraonary 
metastatic  lesions  at  the  time  that  the  viral  agent  was  producing  its  effect 
on  the  local  cervical  lesion.  To  date  there  is  no  proof  that  this  is  other 
than  just  a  coincident  degenerative  change  in  the  limg  metastases.  However, 
in  one  of  the  cases,  four  metastatic  lesions  showed  the  same  degree  of 
degenerative  changes  which  would  be  quite  a  coincidence. 

(7)  When  the  viral  agent  is  given  in  a  susceptible  individual,  the 
antibody  titer  rises  promptly  suggesting  the  booster  type  reaction  as  seen 
in  routine  immunization  procedures. 

(8)  Intra-arterial  injection  of  the  viral  culttire  in  a  patient  with  anti- 
bodies to  the  virus  produced  no  observable  change. 

(9)  Intra-arterial  injection  of  the  virus  agent  in  a  susceptible  patient 
did  not  produce  demonstrable  disease.  It  did  cause  some  change  in  the  local 
cervical  lesion  which  followed  somewhat  the  same  pattern  of  the  local  in- 
jection. 

(10)  The  laboratory  studies  on  cytological  changes  observed  by  the 
pathologists  have  not  been  definitely  categorized  as  yet.  It  has  been 
observed  that  there  are  an  increased  number  of  mitoses  and  other  changes 
which  require  finrther  study  to  determine  the  effect  on  a  specific  response 
to  the  virus. 

(11)  Laboratory  studies  to  prove  the  presence  of  virus  in  the  cervix 
after  the  injection  have  not  been  completed  to  date.  In  one  case  that  came 
to  autopsy  several  weeks  following  injection  of  the  virus,  the  pelvic  mass 
contained  extensive  degenerative  changes  extending  up  as  high  as  the  needle 
had  placed  the  virus  cioltxire.  This  cancer  still  contained  viriis. 

(12)  In  a  more  recent  case  in  which  Cortisone  was  used  to  inhibit  the 
formation  of  antibodies,  a  clinical  illness  suggestive  of  a  virus  infection 
occurred  on  the  third  day,  a  second  peak  occurred  on  the  sixth  day,  and  a 
iimaller  one  on  the  ninth  day,  suggesting  a  continuation  of  the  growth  of  the 
virus  in  the  pelvic  organs.  Laboratory  evidence  is  available  to  the  effect 
that  the  virus  was  present  as  late  as  17  days  following  injection  of  the 
viral  agent.  In  this  case,  degenerative  changes  were  noted  as  described 
above,  but  there  was  no  appreciable  change  in  the  total  volume  of  tumor 
tissue  present  in  the  pelvis. 

(13)'  In  nine  cases  exenteratlve  surgery  has  been  performed  for  extensive 
pelvic  lesions.  Not  all  of  these  were  on  patients  in  which  the  virus  had 
been  used.  Part  of  them  were  control  cases.  One  radical  hysterectomy  was 
done,  and  in  six  patients,  in  exploring  the  abdomen,  inoperable  settings 
were  found  which  allowed  observation  of  the  changes  produced  above.  In  one 
patient,  with  the  abdomen  open,  the  virus  was  injected  directly  into  the 
lateral  pelvic  wall  mass  over  the  sciatic  notch,  which  produced  equivocable 
demonstrable  results.  In  most  of  these  cases,  biopsy  material  was  obtained 
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at  the  time  of  siirgery  for  histologic  and  virus  studies  with  almost 
entirely  negative  resiilts.  In  one  patient,  following  exploratory  laparotomy 
where  an  Inoperable  sitimtion  was  found,  a  colostomy  was  performed. 

Significance  to  Cancer  Research: 

This  program  carries  out  one  of  the  fiindamental  aims  of  the  Cancer 
Institute,  that  is,  of  developing  new  and  more  effective  methods  of  therapy 
of  common  malignant  neoplasms.  It  helps  to  identify  and  categorize  the 
newly  discovered  viruses  as  far  as  their  reactions  on  the  human  tissue  is 
ooncemed,  and  may  intimately  lead  to  an  understanding  of  the  fundamental 
nature  of  cancer  itself. 

Proposed  Covirse  of  Project; 

Diiring  the  coming  year  emphasis  will  be  placed  upon  expanding  the 
activities  to  allow  more  observations  of  the  effectiveness  of  this  type 
of  a  procedure.  It  is  hoped  that  new  methods  will  be  developed  to  supress 
the  antibody  production  and  allow  the  propagation  of  the  viral  agent  in  the 
cancer  cell.  It  is  recognized  that  such  a  therapeutic  tool,  although  it 
may  not  be  one  hundred  percent  effective  in  eradicating  the  body  of  cancer 
cells,  coiold  cause  enough  anatomic  change  in  the  character  of  the  disease 
in  the  pelvis  to  allow  radical  surgical  removal. 
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PROJECT  DESCRIPTION 


Objectives; 

This  project  is  the  clinical  part  of  the  over-all  study  of  wound  seeding 

(See  Project  No. ).  Its  primary  object  is  to  demonstrate  the  frequency  of 

tmaor  cells  foxmd  by  cytologic  observation  when  the  washings  from  operative 
wounds  are  examined. 

Methods  Employed; 

Patients  with  locally  advanced  primary  cancers  of  the  head  and  neck  and/or 
other  sites,  with  regional  lymph  node  metastases,  have  been  admitted  for  primary 
surgical  therapy.  These  cases  have,  for  the  most  part,  been  those  with  extensive 
metastases,  i.e.,  borderline  operable  cases,  for  such  patients  have  a  greater 
chance  for  local  recurrence.  Following  surgical  removal  of  the  tumor  and  its 
metastases,  the  open  woimds  have  been  washed  with  saline  and  the  washings  studied 
for  the  presence  of  tvanor  cells. 


Patient  Material: 


Admissions ! 


Mult  inales 
Adult  females 
Children  male 
Children  female 


No. 

18 
9 
1 
1 


Average  Stay  Days 


59 
70 
29 
^0 


No.  Outpatients  -  29 
No.  visits  -  56 


(29  patients  -  36  admissions) 
Nearly  all  of  these  patients  were  used  in  other  studies  and  in  some  patients 
admitted  under  other  projects  wound  v/ashings  were  taken.  The  29  patients  above, 
however,  were  of  primary  interest  in  the  wound  seeding  project. 
(PLEASE  ADD  SHEETS  AS  NECESSARY  FCK  CONTINUATION) 
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Wound  washings  contained  demonstrable  cancer  cells  in  8  out  of  25 
definitive  cases.  (2^%) .      In  cases  where  tumor  cells  were  found  in  the  washings, 
two  have  already  developed  clinical  evidence  of  recurrent  cancer,  and  in  one 
additional  case,  melanoma  has  recvirred  when  the  wound  washings  were  negatives 
The  imcontrolled  factor,  however,  in  the  analysis  of  such  data  is  that  we 
have  no  way  of  knowing  if  the  washing  itself  is  of  any  therafxtutic  value. 

Slfmificance  to  Cancer.  Research; 

The  demonstration  of  cancer  cells  in  operative  wounds  points  up  the 
deficiency  of  a  straight  siorgical  approach  to  cancer  therapy.  It  demonstrates 
a  possible  cause  of  the  present  low  salvage  rate  in  present  day  treatment  of 
advanced  cancer.  It  is  believed  that  if  means  were  found  to  prevent  this 
seeding  of  wovinds,  the  over-all  siu*vival  rate  would  be  increased  20-AO^. 

Proposed  Course  of  Project; 

To  continue  with  the  study  as  outlined  above,  -determining  the  number 
of  operative  wounds  in  which  it  is  possible  to  demonstrate  tumor  cells  in 
washings  from  the  operative  wound.  Once  the  laboratory  part  of  this  study 
is  completed  (the  study  of  experimental  wound  seeding),  it  is  hoped  that  we 
win  be  able  to  bring  to  the  operating  room  local  wovind  chemotherapy  or 
other  treatment  of  the  open  wound  as  a  therapeutic  means  of  preventing 
recurrences . 
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9.  PROJECT  DESCRIPTION 

Objectives; 

To  develop  methods  of  producing  experimentally  in  animals  multiple  recurrent 
tumors  in  operative  wounds  which  will  allow  testing  of  various  therapies  aimed 
at  preventing  the  seeding  of  wounds. 

Ifethods  Employed; 

A  frequent  cause  of  failure  of  the  surgical  treatment  of  cancer  in  man 
is  the  development  of  local  recurrences  in  the  operative  wound.  As  noted  in 
previous  reports,  the  rate  of  local  recurrences  varies  considerably.  In 
breast  cancer  following  radical  mastectomy,  the  rate  of  local  recurrence  varies 
between  10  and  20  percent.  In  Haagensen's  clinic  v/here  the  most  strict  criteria 
of  operability  is  followed,  the  figure  still  remains  high.  He  reports  12.5^  in 
his  personal  selected  series  at  Presbyterian  Hospital.   In  head  and  neck  cancers 
a  comparable  figure  is  difficult  to  obtain  because  of  the  fact  that  the  radical 
surgical  en  bloc  removal  ol  a  cancer  and  its  metastases  has  not  been  performed 
for  a  significantly  long  period  of  time  to  allow  collection  of  statistics.  In 
a  personal  series  of  radical  removals  for  advanced  head  and  Jieck  cancers,  the 
local  and/or  regional  recurrence  rate  was  close  to  U0%.      In  a  recent  report 
from  Memorial  Hospital  in  Mew  York  on  a  series  of  32  radical  l^ead  and  neck 
procedures,  the  over-all  salvage  was  under  U0%,   and  local  and  regional  recurrent 
cancer  was  responsible  for  a  large  portion  of  their  failures.  The  same  problem 
holds  with  gastric  cancer  as  demonstrated  by  McNeer's  figiu-fe  of  22^  local  re- 
currences following  gastrectomy  for  carcinoma  of  the  stomach. 
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It  is  believed  that  a  number  of  these  recurrences  are  due  to  seeding 
of  the  wovuids  with  cancer  cells  accidentally  placed  in  the  wound  at  the 
tlnie  of  surgery.  It  is  possible  that  the  lymphatics  which  are  transected 
at  the  time  of  surgery  contain  tumor  emboli  which,  following  the  travima 
and  manipiilation  of  the  surgical  procedure  itself,  are  extruded  into  the 
wound.  It  is  also  possible  tliat  small  lymphatics  containing  tumor  cells 
are  left  intact  at  the  time  of  surgery  and  form  a  nest  for  regrowth  of  the 
tiimor  at  a  later  date.  If  this  mechanism  of  tumor  spread  can  be  shown  to 
occur,  local  chemotherapy  of  the  wotind  or  debridement  of  the  wound  of  its 
tumor  cells  should  be  an  effective  therapeutic  tool,  i.e.,  a  combination 
of  siirgical  excision  of  the  gross  tumor  followed  by  local  chemotherapy  of 
the  wound,  should  improve  the  resvilts  of  modern  day  therapy  as  much  as  U0%, 

In  trying  to  evaluate  the  clinical  effect  of  wound  treatment,  and  in 
order  to  demonstrate  the  safety  as  well  as  the  effectiveness  of  a  given 
chemotherapy  or  other  treatments,  it  is  necessary  to  develop  in  the  animal 
a  situation  which  is  comparable  to  that  in  humans,  i.e.,  to  provide  a  wound 
which  is  seeded  with  tumor.  V2  carcinoma  in  rabbits  behaves  like  an  epidermoid 
carcinoma  in  man  in  that  it  metastasizes  to  the  local  lymph  nodes  and  later 
to  the  lungs. 

The  original  plans  when  this  project  was  formulated  consisted  of  trying 
to  reduplicate  in  the  animals  the  complete  surgical  situation  as  seen  in 
man,  i.e.,  to  transplant  the  tumor  into  a  surgically  accessible  site  of  an 
animal  and  when  this  tumor  developed  metastases,  do  surgical  removal  of  the 
tumor  and  its  local  lymph  node  metastases,  expecting  recurrences  in  a  sig- 
nificant number  of  cases  to  occ\ar  following  the  siu-gery.  This  method  has 
proved  impractical  for  various  reasons.  Only  about  15%  of  the  routine  tumor 
transplants  developed  local  lymph  node  metastases  and  70^  or  more  of  the 
primary  implants  regressed.  It  is  thus  apparent  that  depending  upon  the 
animal  to  reproduce  a  seeded  wound  following  surgical  removal  of  a  transplanted 
tumor  would  not  produce  a  statistically  significant  number  of  cases  to  allow 
evalviation  of  the  effectiveness  of  any  therapeutic  measure.  To  overcome  this 
we  are  now  studying  the  possibility  of  omitting  the  first  step  of  the  pro- 
cedure and  are  now  attempting  to  seed  wounds  directly  by  contamination  of 
open  svirgical  wounds.  One  of  the  two  wounds  on  each  animal  is  then  subjected 
to  the  therapeutic  procedure.  In  a  more  recent  experiment  in  which  we 
attempted  direct  seeding  of  operative  wounds,  6  out  of  7  animals  have  developed 
palpable  nodules  in  operative  wounds.  Postoperative  washing  with  saline  of 
one  of  the  parallel  wounds  on  each  animal  did  not  change  the  development  of 
nodules  in  5  of  the  6  animals. 


Dviring  the  past  year  most  available  time  has  been  spent  on  learning  the 
characteristics  of  V2  carcinoma  as  applied  by  our  teclmiques.  The  problem  of 
maintaining  a  standard  inoculum  has  not  been  solved,  Jfetastases  have  not 
developed  as  frequently  as  had  been  anticipated,  i.e.,  of  AA  animals  that 
died  of  their  tvunors,  17  had  local  regional  metastases,  12  liad  lung  metas- 
tases, and  in  three  there  was  widespread  diisseminated  cancer. 
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In  general,  the  tumor  in  our  hands  has  been  characterized  as  follows: 

(a)  For  several  days,  within  limits,  the  size  of  inoctiliDn  does  not  affect 
the  growth  rate,  eind  tumor  size  is  nearly  proportioned  to  inocultjm  size. 

(b)  At  about  lA  days,  growth  slows  or  stops,  then  either  resijmes  at  a  slower 
rate,  or  the  tumor  regresses  completely.  This  response  depends  upon  the  size 
which  the  tumor  has  attained  by  this  time, 

(c)  We  have  not  been  able  to  compare  early  growth  rates  between  intramuscxilar 
and  subcutaneous  tumor,  but  intramuscular  tumors  maintain  their  growth  with 
much  less  of  a  break  at  lA  days  than  subcutaneous  ones.  At  any  particular 
Inoculvmi  size,  intramuscular  inoculation  will  give  a  higher  percentage  of  tinnors 
which  eventimlly  become  large  and  kill  the  host.  With  a  good  start,  such  tumors 
will  grow  rapidly  and  kill  in  three  waeks. 

(d)  Subcutaneous  tumors,  if  planted  at  the  same  time  in  the  same  animal  with 
intramuscular  implants,  show  much  less  of  a  break  in  their  growth  curves  at 

lU  days.  Apparently  the  large,  vigorovis  intramuscular  tumor  overcomes  the  host 
resistance  in  some  systemic  fashion,  possibly  by  a  hyper-immiinity  mechanism, 

(e)  Tumors  arising  from  very  small  inocula,  such  as  occur  in  needle  punctures 
or  wound  swabbing,  reach  a  palpable  size  in  about  12  days,  but  being  very  small, 
wo^lld  then  regress  unless  there  is  some  special  device  to  prevent  this,  such 

as  a  large  intramuscular  tumor  elsewhere. 

We  have  been  using  New  Zealand  white  rabbits  because  of  their  ready 
availability,  but  we  have  occasionally  used  Dutch  and  chinchilla  rabbits. 
We  have  no  reason  to  suppose  that  this  immunity  mechanism  would  be  any  less 
Inconvenient  in  these  other  breeds. 

Significance  to  Cancer  Research; 

If  it  becomes  possible  to  reproduce  in  the  animal  the  conditions  found 
In  human  cancer  patients,  i.e.,  recurrent  tvunor  dissemination,  it  will  then 
be  possible  to  test  experimentally  various  therapies  when  applied  to  wounds. 
This  would  allow  the  development  of  effective  local  chemotherapy  and  improve 
the  over-all  salvage  from  present  day  methods  of  cemcer  treatments. 

Proposed  Couyse  of  Pro.iect;  k> VcJ  4w<l  I  "^  ^  • 

(1)  To  further  establish  methods  of /experimentally  seeded  wounds. 

(2)  To  develop  a  more  loniform  inoculum  so  that  there  will  be  less  varia- 
bility from  one  exjjeriment  to  another. 

(3)  To  treat  these  wounds  with  various  drugs,  enzymes  or  physical 
agents  in  an  effort  to  prevent  wound  seeding. 
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8.  Dr.  A.  G.  Morrow  (Thoracic  Surgeon)  &  Dr.  Ifai.  Banfleld  (Pathologist) 
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9.  PROJECT  INSCRIPTION 

Development  of  new  methods  for  the  treatment  of  lung  cancer,  using  regional 
chemotherapy:  Clinical  Research, 

0b.iective3 1 

The  objective  of  this  experiment  is  to  develop  a  method  for  regional 
chemotherapy  of  advanced  primary  and  metastatic  neoplasms  of  bronchi  and  lungs. 

The  methods  developed  by  animal  research  under  Project  No,  will  be  applied 

as  evolved. 

Methods  Employed  t 

Patients  admitted  with  apparently  operable  primary  and  solitary  metastatic 
carcinomas  of  the  lung  are  subjected  to  thoracotomy.  If  thoracotomy  discloses 
previously  undiagnosed  Inoperability  (and  this  will  occur  in  about  75^),  the 
tumor  is  biopsied.  The  end  of  a  small  plastic  catheter  Is  Implanted  in  a 
peripheral  radical  of  a  pulmonary  vessel,  and  the  catheter's  other  end  exteriorized 
through  the  thoracic  wall.  Respiratory  dynamics  are  studied  postoperatively  by 
mea3iu:ement  of  intravascular  pressures  and  gas  saturations  via  the  catheter. 

Chemotherapeutic  agents  are  injected  through  the  catheter  into  the 
regional  blood  supply  to  the  involved  lung.  Serial  measiirenents  of  the  size 
of  the  tumor  shadow  are  made.  Changes,  if  observed,  are  compared  with  changes 
in  other  untreated  portions  of  the  lung.  The  patient  is  then  carefully  followed, 
and  in  event  of  demise,  careful  autopsy  stvidy  is  performed  to  compare  the  treated 
lung  tissue  with  previous  operative  findings  for  drug  effect.  Nitrogen  musteu:^ 
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is  being  used  as  the  standard  drug  luitil  a  standard  technique  of  administra- 
tion is  developed. 

patient  Material;  No.        Average  Stay  Days 

Admissions:   Adult  males        1  30 

Adult  females       3  30 

Follow-up  visits:  9 

Ma,ior  Findings: 

Project  undeivay  only  one  month.  Of  the  fovir  patients  studied,  two 
had  resectable  lesions.  In  the  other  two,  catheters  were  implanted  successfiilly 
and  postoperative  studies  performed.  No  untoward  effects  of  the  catheterization 
occurred.  No  final  results  are  available. 

Significance  to  Cancer  Research: 

Continuing  increase  in  the  incidence  and  death  rate  due  to  lung  cancer 
demands  maximal  efforts  to  control  the  disease.  The  primary  or  basic  science 
approach  involves  efforts  to  determine  the  biologic  natvire  and  environmental 
relationships  of  lung  cancer.  While  of  great  hope,  this  research  has  yet  to 
produce  applicable  results.  A  second  phase  is  seen  in  programs  aimed  at  the 
discovery  and  treatment  of  limg  cancer  in  its  earliest  stages.  This  attack 
has  succeeded  in  cioring  up  to  5%  of  all  patients  seen  by  extirpative  surgery, 
the  only  curative  treatment  now  known.  The  third  phase  of  lung  cancer  research 
involves  improvement  of  treatment  of  the  disease  when  it  is  past  its  earliest 
stages,  and  the  large  nianber  of  well-advanced  Iving  cancer  patients  now  seen 
provides  an  urgent  motivation  for  the  clinical  investigator  to  search  for  an 
approach  such  as  described  in  this  project. 

Proposed  Course  of  Project; 

The  continued  study  of  catheter  implantation  and  drug  administration 
methods  is  planned,  utilizing  methods  as  developed  in  laboratory  Project  No.__. 
Nitrogen  mustard  will  be  continued  to  be  used  as  the  standard  drug  until 
administration  techniques  are  standardized.  Then  other  possibly  chemothera- 
peutic  agents  will  be  considered,  using  the  nitrogen  mustard  effect  for  comr- 
parison. 
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9.  PROJECT  DESCRIPTION 

Pro.iect;  , 

Development  of  new  methods  for  the  treatment  of  lung  cancer,  using 
regional  chemotherapy:  Animal  Research. 

Ob;lective ; 

The  objective  of  this  experiment  is  to  develop  a  method  for  regional 
chemotherapy  of  advanced  primary  and  metastatic  neoplasms  of  bronchi  and  lungs. 
It  will  be  attempted  to  produce  a  high  level  dosage  to  lung  cancer  tissues, 
•  with  minimum  damage  to  the  rest  of  the  lung,  to  the  hematopoetic  organs,  and 
the  rest  of  the  body.  As  developed,  methods  are  applied  to  human  cases  of 
lung  cancer  vinder  project  no,  . 

Ifethodp  JEmployed; 

Using  normal  laboratory  dogs  as  research  subjects,  small  polyethylene 
catheters  are  implanted  into  the  lumen  of  a  bronchial  artery,  a  pxibnonary 
artery,  or  a  puljaonary  vein,  and  the  other  end  of  the  catheter  exteriorized 
for  studies  of  pulraonfry  hemodynamics  and  injection  of  drugs.  Pulmonary 
hemodynamics  are  studied  by  pressure  measurements,  blood  sample  gas  studies, 
and  angiograms  using  injected  radiopaque  dye.  The  initial  study  drug  is 
nitrogen  mustard.  I'brphologic  changes  in  bronchi,  lynqjh  nodes  and  pulmonary 
tissues  are  studied  after  injecting  the  drug  through  one  of  the  three  enumerated 
vascular  routes. 

Methods  for  potentiating  drug  effect  on  bronchi  and  lymph  nodes  while 
decreasing  drug  effect  on  alveoli  are  being  studied  in  accordance  with  pathologic 
Studies  by  V/ood  and  Miller  of  Stanford  University  and  by  others,  which  have 
shown  that  Iting  tujnors  derive  their  major  blood  supply  via  the  bronchial  blood 
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Ita.ior  Findings! 

Work  on  this  project  has  consisted  of  preliminary  stiidies  for 
the  development  of  techniques  and  one  series  of  dogs  treated  by  intra- 
pulmonaryvenous  nitrogen  mustard  after  preparation  by  permanent  ligation 
of  pulmonary  lobar  vein  with  or  without  simultaneous  ligation  of  the 
pulmonary  lobar  artery.  Pathologic  studies  on  the  series  are  underway, 
and  no  definitive  findings  are  yet  available.  Results  to  date  suggest 
that  injection  via  the  bronchial  artery  produces  the  most  specific 
local  effects  on  the  hilar  portions  of  the  bronchial  tree. 

Significance  to  Cancer  Research: 

Continuing  increase  in  the  incidence  and  death  rate  due  to  Iving 
cancer  demands  maximal  efforts  to  control  the  disease.  The  primary  or 
basic  science  approach  involves  efforts  to  determine  the  biologic  nature 
£ind  environmental  i^lationships  of  lung  cancer.  While  of  great  hope, 
this  research  has  yet  to  produce  applicable  results,  A  second  phase  is 
seen  in  programs  aimed  at  the  discovery  and  treatment  of  lung  cancer  in 
its  earliest  stages.  This  attack  has  succeeded  in  cxiring  up  to  5%  of 
all  patients  seen  by  extirpative  surgery,  the  only  curative  treatment 
now  known.  The  third  phase  of  lung  cancer  research  involves  improvement 
of  treatment  of  the  disease  when  it  is  past  its  earliest  stages,  and  tha 
large  number  of  well-advanced  lung  cancer  patients  now  seen  provides  an 
urgent  motivation  for  the  laboratory  investigator  to  search  for  an 
approach  such  as  described  in  this  project. 

Proposed  Course  of  Prelect; 

Continued  studies  will  be  made  to  determine  the  most  advantageoijs 
pulmonary  vascular  route  of  drug  administration,  and  to  attempt  to 
potentiate  the  drug  action  by  permanent  or  temporary  diversion  of  the 
blood  stream.  After  developing  the  method,  nitrogen  mustard  dosages 
reqviired  to  produce  effects  on  regional  bronchial  and  lymphatic  structvirea 
will  be  studied,  and  correlated  with  the  degree  of  hematopoetlc  depression. 
Concurrent  application  of  methods  developed  to  advanced  human  lung  cancers 
is  planned. 
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7.    Dr,  J.  H.  Waite 

PRINCIPAL  INVESTIGATOR(S) 


8.      Dr.  R.R.  Smith  &  Dr.  A,  W.  Hilberg 


CmER   INVESTIGATORS 

9.  PROJECT  DESCRIPTICai 

Fro.iejt; 

Prevention  of  operative  site  recxirrence  by  biopsy  wound  closure  with 
plastic  spray;  Clinical  Research, 

Objagtivep ; 

To  develop  a  new  improved  method  for  biopsy  site  closure  applying 
results  of  the  laboratory  research  Project  No. . 

Methods  Employed; 

Patients  with  apparently  primary  operable  breast  carcinoma  will  be 
admitted,  A  few  patients  should  supply  the  necessary  significant  information. 
Local  excision,  examination  and  frozen  section  will  be  performed  to  confirm 
the  diagnosis.  The  biopsy  site  will  be  closed  in  the  usual  manner.  Then 
a  geometric  half  of  the  biopsy  wovind  skin  surface  will  be  masked  off,  and 
cell  w.ashings  for  cytologic  study  taken  from  the  remaining  portion  of  the 
skin  surface.  The  entire  wovind  will  then  be  sealed  with  a  plastic  spray, 
using  the  method  as  developed  in  the  laboratory  project.  Cell  washings 
for  cytologic  study  will  then  be  taken  from  the  originally  masked  geometric 
half  of  the  skin  surface  in  the  operative  field,  and  pre-  and  post- treatment 
washings  compared  for  presence  and  quantity  of  exfoliated  tumor  cells. 

m^]oT   Findinp.g; 

None.  Project  not  started. 
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Significance  to_Cancer  Bepearch; 

Wound  recxirrence  following  biopsy  and  local  surgery  is  not  uncommon. 
In  treating  one  of  the  most  common  cancers,  that  of  the  breast,  ^fessach^^sett^ 
Memorial  Hospital  surgeons  admit  to  11^  and  Haagensen  reports  12^  local 
recui*rences.  The  two  most  likely  factors  are  inadequate  surgical  margins 
and  spillage  of  cells  at  time  of  biopsy.  Preliminary  investigations  by 
Dr.  R.  R.  Smith  and  by  the  principal  investigator  have  recovered  exfoliated 
cells  from,  skin  surfaces  of  clinical  cases,  even  after  more  than  usually 
carefvil  attempts  at  biopsy  site  closure  and  sealing  off,  using  conventional 
technique.  A  simple  method  which  would  guarantee  100^  riddance  of  the  skin 
surface  tumor  cells  would  be  of  immediate  value  to  all  siirgeons  in  treatment 
of  many  common  malignancies. 

Proposed  Course  of  Pro-iectj 

The  entire  project  is  new  proposed.  If  successful,  the  method  will 
be  recommended  to  surgeons  for  clinical  application. 
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Prevention  of  operative  site  reciorrence  by  biopsy  uotind  closure  with 
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n  Dr,  J.  H.  Waite 

PRINCIPAL  imnESTIGATOR(S) 


Dr.  R.  R.  Smith  &  Dr.  A.  W.  Hilberg 
OTHER  INVESTIGATORS 


PROJECT  DESCRIPTION 

Fro.iect; 

Prevention  of  operative  site  recurrence  by  biopsy  wound  closure  with 
plastic  spray:  Laboratory  Research. 

Objectives; 

To  develop  by  animal  experiment  a  method  for  reducing  operative  site 
recurrence  after  local  biopsy  in  radical  surgery  for  cancer. 

jylethods  Employed;  animal 

Using  an  appropriate  small/tumor,  a  skin  incision  and  biopsy  will 
be  made  and  the  biopsy  wound  closed  by  the  usual  method.  One  half  of  the 
animals  will  be  treated  additionally  by  spraying  the  biopsy  site  with  a 
liquid  plastic  surgical  dressing  material.  VJashings  from  the  wounds  will 
be  examined  by  cytologic  methods  for  presence  and  number  of  tumor  cells. 

Major  Findings; 

None.  Project  not  started. 

Significance  to  Cancer  Research; 

Wound  recurrence  following  biopsy  and  local  stu-gery  is  not  uncommon 
and  treatinr^  one  of  the  most  common  cancers,  that  of  the  breast,  Ifessachusetta 
Memorial  Hospital  surgeons  admit  to  \\%  and  Haagensen  reports  12/o  local 
recurrences.  The  to/o  most  likely  factors  are  inadequate  siu-gical  margins 
and  spillage  of  cells  at  the  time  of  biopsy.  Preliminary  investigations 
by  Dr.  R.  R.  Smith,  and  by  the  principal  investigator,  have  recovered  ex- 
foliated cells  from  skin  stirfaces  of  clinical  cases,  even  after  more  than 
usmlly  6arefia  attempts  at  biopsy  site  closure  and  sealing  off  using 
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conventional  technique.  A  simple  method  which  woiild  guarantee  lOOJlJ 
riddance  of  the  skin  svirface  tumor  cells  would  be  of  immediate  value 
to  all  svirgeons  in  treatment  of  many  common  malignancies. 

Proposed  Course  of  Pro.iect; 

The  entire  project  is  at  present  in  the  proposed  status.  A  project 
Involving  clinical  application  is  planned,  if  warranted,  by  results  in 
the  animal  project. 
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PROJECT  DESCRIPTI(»l 


Pro.iect;  ^  -,  ,    v,    4. 

Development  of  a  technique  for  performing  a  successful  hypophysectomor 

in  the  guinea  pig. 

Ob.iectivet  ^     .     j     j 

The  objective  of  this  project  is  to  hypophysectomize  guinea  pigs  and 
keep  them  alive  for  at  least  thirty  days  postoperatively. 

Ifethods  Employed;  ^  ■,    ^ 

The  various  approaches  to  the  pituitary  that  have  been  successful  in 
other  species  will  be  tried  on  the  guinea  pigs,  and  postoperative  replacement 
therapy  will  be  investigated. 

Ma lor  Findings! 

None.  Project  not  under  way  as  yet. 

Sip;n£ficance  to  Cancer  Researehj. 

The  relationship  of  the  endocrine  system  to  tumor  tissue  is  well 
established.  It  has  not  been  completely  nor  thoroughly  evaluated  in  the 
guinea  pig.  One  major  reason  for  tills  deficiency  has  been  the  inability 
to  use  an  hypophysectomized  guinea  pig  for  study  because  the  animals  die 
too  early  in  the  postoperative  course. 
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Fropoged  Course  of  Pro.iect: 

The  failures  of  other  investigators  seem  related  to  both  technique 
and  to  postoperative  management.  The  parapharyngeal,  trans bucced,  trans- 
orbital, and  transtemporal  approaches  to  the  pituitary  gland  will  be 
evaluated,  and  the  use  of  dietary  and  hormonal  supplements  will  be 
evaluated  in  the  postoperative  course. 

When  a  successful  preparation  has  been  achieved,  then  these  animals 
could  be  used  in  the  study  of  the  pituitary  mediation  of  honnonal  effects 
upon  tinnors  and  other  tissue. 
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Ti'     COOPERATING  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  CB   OTHER  ORGANIZATIONS,  PRO- 

VIDINO  FUNDS,  FACILITIES,  CR  PERSONNEL  FOR  THIS  PROJECT  IN  EITH621  1955  or  I956: 
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Tin  IF  THIS  PROJECT  RESEMBLES,  COMPLEMENTS,  C»  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WHHOUT  INTERCHANGE  OF  PERSONNEL,  FACILITIES  OR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


NONE 
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INSTITUTE  LABORATORY  GR  BRANCH 
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SECTION  CR  SERVICE  LOCATION  (IF  OTHER  THAN  BETHESfiAj   SERIAL  NO 

L,  A  study  of  the  effects  of  Beta-naphthylamine  and  4-Aniinodiphenyl  on  gastrointestinal 
and  bladder  mucosa  by  direct  contact  in  dogs. 
i»   (l)  Development  of  a  surgical  technique  for  in  vivo  study  of  drugs  in  the  gastro- 

'•   Intestinal  tract  and  the  isqlated  \irinary  bladder;  (2)  A   utudy  of  the  techniques 
PROJECT  TITLE  for  handling  the  genitourinary  tract  after  cystectomy. 


__^ Dr.  Donald  Cole  -  Dr.  W.  C»  Hueper 

PRINCIPAL  INVESTIGATOR{S) 


OTHER  INVESTIGATORS 

».  PROJECT  DESCRIPTICHJ 

Ob;iectives; 

(a)  Development  of  an  experimental  metliod  by  which,  through  the  local 
application  of  certain  aromatic  amines  and  related  compounds  to  the  mucosa  of 
tiie  gastrointestinal  tract  and  bladder,  isolated  from  its  normal  connections 
and  the  influence  of  the  gastrointestinal  content  and  urine,  respectively, 
cancerous  responses  can  more  readily  be  attained  than  by  administering  the  test 

•agents  by  mouth,  thereby  causing  a  marked  dilution  of  the  chemical  at  the  point 
of  contact, 

(b)  Development  of  a  method  permitting  the  study  of  metabolites  of 
aromatic  araines  and  their  derivatives  in  different  parts  of  the  gastrointestinal 
tract, 

(c)  Development  of  a  surgical  technique  with  minimal  hazards  for  handling 
the  genitourinary  tract  after  cystectomy. 

tfethods  Employed: 

(a)  An  isolated  loop  of  colon  is  prepared  in  a  nonnal  dog  and  implanted 
into  the  abdominal  wall  so  that  carcinogens  can  be  directly  applied  to  the 
isolated  mucosa  and  anatomic  and  metabolic  changes  occurring  can  be  observed 
tl-irough  direct  observation,  biopsy  and  cliemical  analysis  of  secretions. 
Similar  studies  are  undertaken  vrith  intestinal  loops  from  various  parts  of  the 
small  intestine  and  duodenum  with  and  v/ithout  bile  and  pancreatic  juice. 

(PLEASE  ADD  SHEETS  AS  NECESSARY  FOR  CONTINUATION) 
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(b)  All  the  current  methods  for  handling  the  upper  genitourinary  tract 
after  cystectomy"  have  been  investigated.  An  attempt  is  being  made  to  develop 
a  surgical  technique  which  will  minimize  or  do  away  with  the  genitourinary 
complications  that  are  a  frequent  aftermath  of  the  techniques  usually  employedt 

tfe.lor  Findings; 

_The  major  findings  of  this  project  thus  far  are  the  preparation  of  the 
dogs  now  ready  for  the  application  of  carcinogens.  Thus  far  the  Mathieson 
technique  for  uretero-sigmoidostomy  appears  to  be  the  best  one  employed. 

Significance  to  Cancer  Research; 

Previous  experimental  work  with  rats  and  dogs  has  shown  that  certain 
aromatic  amines  and  azo compounds  produce  cancers  of  the  bladder,  liver  and 
intestinal  mucosa,  X\fhile  it  is  established  that  the  aromatic  amino  compoiinds, 
beta-naphthylamine  and  benzidine,  elicit  cancers  of  the  bladder  in  man, 
similar  evidence  is  not  available  for  /^-aminodiphenyl  and  a  number  of  aromatic 
azocompounds  wliich  contain  the  two  aromatic  amines  as  a  constituent  group; 
nor  are  human  and  experimental  data  on  hand  whether  these  and  other  aromatic 
aminocompounds ,  especially  dyes  and  anti-oxidents ,  exert  carcinogenic  effects 
upon  the  gastrointestinal  mucosa. 

For  this  work  it  v/as  necessary  to  develop  a  method  for  studying  these 
compounds  on  isolated  segments  of  the  gastrointestinal  tract  and  the  isolated 
bladder.  The  latter  has  further  application  in  the  fact  that  none  of  the 
techniques  necessary  after  cystectomy  for  handling  the  upper  genitourinary 
tract  are  very  satisfactory. 

Proposed  Course  of  Project; 

The  proposed  course  of  this  project  is  an  attempt  to  find  the  answers 
to  questions  proposed  in  the  previous  paragraph  during  the  next  year. 
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12.  BUDGET  ACTIVITY: 


RESEARCH  ^ 

REVIEW  &  APPROVAL  [J 


ADMINISTRATION       {J 
1ECHMICAL  ASSISTANCE  [J 


T^.     COOPERATING  UNITS  W  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  CfiGANIZATIQKS,  PRO- 

VIDING  FUNDS,  FACILITIES,  OR  PERSQBHEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 


NONE 


JTT;  IF  THIS  PROJECT  RESEMBLES,  COMPLEMENTS ^  OR  PARALLEIS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  OF  PERSCSINEL,  FACILITIES  CR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


NONE 
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6.  Blood-Pressure  Servo-Regvilator 


PROJECT  TITLE 


Dr.  J.  H.  VJaite 
PRINCIPAL  INVESTI0ATQR(3) 


John  Laughlln  -  Physics  Dept.,  Sloan  Kettering  Institute,  New  York  City 
Naomi  Sager  "  "  " 

6  William  Poppell  -  Physiology  Lab.  "  " 

OTHE^4^S-i:i(3XT8^  "  ■^°P^^^°P^'^  Dopt^yOfoBie-rial.  Hocpital U ~~ 

9.  PROJECT  DESCRIPTION 

Prelect; 

Blood-Pressure  Servo-Regulator 

Objective ; 

To  construct  a  machine  for  automatic  regulation  of  blood  pressure  in 
shock  due  to  vasodilation,  and  in  hypotensive  anesthesia. 

Ifethods  Employed; 

The  mean  arterial  blood  pressiure  is  measured  directly  with  a  trans- 
ducing manometer.  Appropriate  vasodepressor  (norepinephrine)  or  vasodepressor 
(arphonad)  solution  is  administered  continuously  intravenously  by  a  variable 
speed  infusion  pump.  The  pump  speed  is  regxilated  by  a  signal  generated  by 
a  servo-loop.  The  servo-loop  signal  is  proportional  to  the  difference  between 
the  blood  pressure  measured,  and  the  blood  pressure  clinically  desirable  for 
the  patient  being  treated.  The  therapist  thus  needs  only  to  set  the  control 
panel  for  the  desired  blood  pressure,  and  the  auto-regulated  machinery  administers 
blood  pressure  regulating  substance  as  needed. 

t%,ior'  Findinrrs ; 

V/ork  on  this  project  during  the  past  year  has  consisted  of  design 
and  construction  of  the  machine.  Entire  work  on  the  project  has  been  carried 
on  at  the  Sloan  Kettering  Institute  under  the  direction  of  the  principal 
investigator.  The  design  has  been  completed  and  the  constiniction  is  near 
completion. 
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Significance  to  Cancer  Research; 

The  machine,  if  successful,  will  be  an  aid  to  maintaining  blood 
pressvire  in  patients  with  neurogenic  shock  due  to  radical  surgery  or 
drug  reactions.  It  will  also  provide  a  method  for  controlled  lowering 
of  blood  pressijre  (hypotensive  anesthesia)  in  patients  undergoing  radical 
surgery  for  cancer. 

Proposed  Course  of  Pro.iect; 

During  the  coming  year  it  is  planned  to  complete  construction  of  the 
machine,  carry  out  laboratory  testing  on  animals,  and  to  apply  it  to 
appropriate  human  cancer  cases  at  l-femorial  Hospital. 
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6.  Endocrine  Aspects  of  the  Progression  and  Therapy  of  Cancer  of  the  Breast  in  Women 
PROJECT  TITLE   ani  Man 


7.  Roy  Hertz ^^ 

PRINCIPAL  INVESTIGATQR(Sr 


8.  Max  G,  Sherer,  James  Pittman,  A.  Breslow,  H.  Altman  and  L.  DeGroot 

OTHER  INVESTIGATORS 

9.  PROJECT  DESCRIPTION  A^  Objectives;  1.  To  extend  and  intensify  detailed  clinical 
observation  of  the  natural  course  of  cancer  of  the  breast  in  men  and  women  in  order 
to  better  appraise  the  effectiveness  of  various  methods  of  therapy  and  learn  luore 
concerning  tiie  etiology  and  pathogenesis  of  the  disease,  2.  To  Improve  upon  exist- 
ing forms  of  hormonal  therapy  for  palliation  of  advanced  breast  cancer  and  to 
elucidate  Va&  mechanisms  involved. 

B)  Methods  employed i  1,  The  acceptance  of  complete  clinical  responsibility  for 
the  further  management  of  referred  patients  with  proven  diagnosis  of  cancer  of  the 
breast  and  the  application  to  their  problems  of  all  available  modes  of  therapy, 
2,  The  exploration  of  new  modes  of  hormonal  therapy  for  palliation.  3.  The 
detailed  analysis  of  endocrine  sind  metabolic  factors  operating  in  relation  to  the 
genesis  and  course  of  the  disease  in  these  patients  up  to  the  time  of  their  demise, 
4,  Gainful  appraisal  of  pathological  specimens  obtained  at  biopsy  or  autopsy  in 
collaboration  with  Pathology  staff, 

G)  Major  findings;  (1  A/54-12/1/54-).  1.  Cooperation  with  Committee  on  Therapeutic 
^''^Trials  of  the  American  Medical  Association  has  continued,  A  total  of  approximately 
170  cases  of  breast  cancer  has  now  been  studied  with  varying  degrees  of  intensity 
and  for  periods  ranging  from  3  months  to  5  years.  This  experience  has  provided  a 
valuable  clinical  background  for  the  evaluation  of  various  therapeutic  attempts  and 
for  the  familiarization  of  our  personnel  with  the  clinical  manifestations  of  breast 
cancer  in  various  age  groups.  This  activity  has  also  effected  the  necessary  pio- 
fessional  liaison  with  local  physicians  and  medical  institutions  for  the  further 
referral  of  patients  to  the  Clinical  Center  for  these  studies, 

(see  attached  sheet) 
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2,  The  clinical  feasibility  of  massive  parenteral  estrogen  therapy  of  breast 
cancer  has  been  established  by  these  studies.  The  applicability  of  water-soluble 
estrogens  by  either  intravenous  or  subcutaneous  routes  has  been  determined.  Methods 
for  the  suppression  of  occasional  toxic  reactions  by  providing  a  salt  free  diet 
liberally  supplemented  by  vitamins  of  the  B-complex  have  been  developed.  Clinical 
therapeutic  results  obtained  by  intensification  of  estrogen  therapy  have  indicated 
that  more  profound  and  more  rapid  regressions  of  breast  cancer  can  be  obtained  in 
this  manner.  Much  more  extended  experience  will  be  necessary  in  order  to  assess 
the  precise  degree  of  advantage  which  this  approach  provides  over  results  which  can 
be  obtained  by  more  conventional  methods.  Such  evaluation  is  a  long-term  problem 
but  initial  obsei^rations  encourage  fvirther  study  of  this  method, 

3,  The  feasibility  of  massive  intravenous  infusion  of  estrogen  has  permitted  the 
development  of  a  number  of  studies  of  estrogen  metabolism  in  varying  clinical 
states.  Bio-assay  methods  for  serum  estrogen  applied  to  the  serum  of  estrogen- 
treated  patients  with  breast  cancer  have  indicated  that  the  estrogen  is  rapidly 
cleared  ffom  the  blood  stream.  Composite  clearance  data  from  20  cases  have  per- 
mitted us  to  draw  an  estrogen  tolerance  curve  which  may  now  be  used  as  a  reference 
curve  for  the  determination  of  hepatic,  biliary,  and  renal  factors  involved  in 
estrogen  clearance  from  the  body. 

U,     Assay  of  pleural  fluid  and  ascitic  fluid  from  patients  getting  massive  estrogen 
dosages  intravenously  has  shown  that  this  hormone  equilibrates  between  the  patients,' 
plasma  and  these  transudates.  This  suggests  tliat  the  occasional  beneficial  effect 
on  fluid  accumulation  in  the  pleural  or  abdominal  cavity  may  be  a  direct  effect  on 
the  local  metastases  rather  than  a  systemic  metabolic  effect, 

5,  Further  observations  have  extended  onr   earlier  data  on  the  quantitative  Inter- 
ference with  biliary  excretion  of  bromsulphonphthalene  by  the  maintenance  of  a 
high  blood  level  of  estrogen.  This  may  provide  a  tool  for  the  further  study  of  the 
hepatic  metabolism  of  estrogen  and  for  the  prolongation  of  the  hepatic  destruction 
of  a  given  dose  of  estrogen, 

6,  Studies  on  the  renal  clearance  of  intrapleurally  administered  phenol sulphon- 
phthaleine  (P,S,P/)  in  patients  with  hydro thorax  have  shoim  that  estrogen  has  no 
regularly  reproduceable  effect  on  such  clearance.  This  indicates  that  estrogen 
produces  its  effect  on  pleural  effusion  in  some  manner  other  than  producing  a. 
direct  effect  on  membrane  permeability, 

7,  Although  it  is  clearly  established  that  estrogen  withdrawal  bleeding  can  be 
uniformly  produced  in  women  under  4-0,  our  data  show  that  only  15  per  cent  of  otir 
older  patients  with  breast  cancer  (60  years  old  and  over)  show  withdrawal  bleeding 
when  estrogens  are  stopped.  This  suggests  the  necessity  for  the  presence  of  another 
factor  which  is  present  in  younger  women  for  endometrial  response  to  exogenous 
estrogen.  This  is  presumably  an  extra  gonadal  factor  and  warrants  further  study, 

8,  All  of  our  patients  with  breast  cancer  on  prolonged  estrogen  therapy  have 
been  carefully  followed  for  the  possible  occurence  of  neoplastic  change  in  the 
cervix  or  endometrium.  No  such  changes  were  noted  in  Papanicolaou  smears  or  in 
authpsy  specimens.  Two  patients,  who  are  still  living,  developed  atypical  endo- 
metrial hyperplasia  which  did  not  regress  after  estrogen  cessation.  Whether  these 
patients  will  ultimately  develop  fundal  carcinoma  remains  to  be  seen.  Our 
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observations  indicate  the  compELrativa  lack  of  carcinogenicity  of  estrogens  in 
the  female  genital  tract  even  after  prolonged  therapy  vdth  massive  dosage, 

9.  Initial  studies  with  massive  intravenous  androgen  administration  have  been 
undertaken  in  yoxmger  patients  with  breast  cancer  in  whom  the  dominant  problem 
is  that  of  bone  pain.  These  efforts  are  just  starting  and  thus  far  we  can  only 
say  that  the  procedure  is  well  tolerated  imder  controlled  hospital  conditions. 
Parallel  studies  to  those  carried  out  on  estrogen  regarding  the  metabolism  of 
androgens  are  stymied  for  the  moment  since  we  have  thus  far  been  tmable  to 
demonstrate  by  bioassay  only  active  androgen  in  the  blood  of  patients  receiving 
massive  dosages^  However,  further  analysis  by  chemical  means  may  resolve  this 
difficulty  for  us. 

10,  We  have  initiated  a  study  on  the  effect  of  the  protein  anabolic  action  of 
androgen  upon  the  patient's  urinary  clearance  of  dietary  trace  factors  including 
riboflavin,  biotin,  niacin,  and  pantothenate.  This  has  fjivolved  the  developnent 
of  balance  techniques  emplpying  a  paired-tray  procedure.  After  surmo\mting 
considerable  methodological  difficulties  we  have  collected  some  initial  data 
indicating  that  whereas  the  protein  anabolic  effect  of  androgen  is  accompanied 

by  no  material  change  in  urinary  balance  of  biotin,  riboflavin,  niacin  or  folocln, 
it  is  associated  with  pantothenate  retention.  The  significance  of  this  association 
is  as  yet  unclear  but  may  help  to  clarify  the  mechanism  of  the  protein  anabolic 
effect  of  androgens,  and  effect  which  is  found  to  be  so  valuable  in  the  supportive 
therapy  of  advanced  cancer,   (See  project  VI). 

D)  Significance  to  the  Program  of  the  Institutes  Th^  direct  pertinence  of  the 
foregoing  studies  to  the  grave  problem  of  advanced  or  persistent  breast  cancer 
is  too  obvious  to  require  discussion. 

E)  Proposed  Course  of  Project;  1.  Continuation  and  extension  of  the  foregoing 
studies  is  proposed^  With  superior  facilities  not;  available,  we  expect  to  better 
index  and  codify  the  clinical  data  as  they  accujirulats  and  this  is  being  worked  out 
with  the  Medical  Records  Dept.  of  the  Clinical  Center.  It  may  be  possible  to  have 
all  the  records  of  our  previous  cases  similarly  indexed  and  codified  but  this  may- 
prove  impracticable. 

2,  Further  assessment  of  the  place  of  massive  estrogen  and  androgen  "therapy  in 
palliation  of  advanced  breast  cancer  is  projected, 

3,  A  correlation  of  the  nature  of  the  estrogen  tolerance  curve  and  other  aspects 
of  hepatic  and  renal  function  is  to  be  carried  out, 

4..  An  extended  study  of  the  effect  of  various  steroids  on  the  dynamics  of  fluid 
accumulation  in  the  pleural  cavity  and  in  the  abdomen  is  planned. 

5,  The  quantitative  data  on  hepatic  bloclcade  by  estrogens  are  to  be  extended, 

6.  A  collaborative  study  with  Drs.  Hilbei-g  and  Thomas  has  been  set  up  for  the 
more  complete  evaluation  of  the  histological  and  cytological  effects  of  steroids 
on  the  breast  cancer  as  well  as  upon  the  tissues  of  the  female  genital  tract.  The 
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reason  for  the  relative  refractoriness  of  the  endometrium  of  the  senile  patient 
will  be  given  special  attention.  The  detection  of  any  malignant  or  prenalignant 
changes  in  ttie  tissues  of  the  female  genital  tract  will  be  em^iasized, 

7.  A  detailed  study  of  the  metabolic  and  endocrine  effect  of  preoperative 
treatment  of  premenopausal  women  undergoing  surgical  ovariectomy  with  potent 
gonadotropic  honnone  preparations.  This  \dll  provide  an  opportunity  to 
evaluate  the  exact  morphological  effects  of  various  gonadotropins  on  the  human 
ovary. 

Studies  on  the  mechanism  of  hormone-induced  hypercalcemia  is  patients  with 
advanced  breast  cancer  are  to  be  initiated  this  year, 

d.  Studies  on  the  metabolism  and  fate  of  intravenous  androgen  will  be  extended 
trith  emphasis  upon  the  acute  effects  on  bone  pain  and  upon  the  balance  of  nitrogen, 
electrolytes  calcium  and  dietary  trace  factors  and  upon  the  clearance  of  the 
androgen  itself, 

9.  Clinical  trials  will  be  made  with  other  steroid  substances  including  pro> 
gesterone,  19-norprogesterone,  cortisone,  and  hydrocortisone  separately  and  in 
varying  combinations  with  esti*ogen  and  androgen.  These  studies  will  be  appro^'.- 
TprixLtelj   supplemented  by  metabolic  and  histological  observations  of  the  effects 

of  these  potent  compounds  upon  the  breast  cancer  and  upon  the  female  genital  tract, 

10,  Further  search  (correlated  with  projects)  for  compounds  lacking  estrogenic , 
androgenic,  or  oorticoid  effects  and  yet  capable  of  suppressing  pituitary  gonado- 
tropic and  adrenotropic  action  will  be  conducted.  Further  screening  for  protein 
anabolic  compounds  lacking  androgenic  action  idLll  be  likewise  pursued  and  such 
compounds  will  be  assessed  clinically. 
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l&ioh  of  the  foregoing  vork  Is  of  such  long  term  that  publication  vUl 
be  deferred  for  at  least  1  more  year. 


17.  HONORS  ANQ  AWARDS  TO  PERSaOiEL  RELATINa  TO  THIS  FflOJECT  DURINO  CALENDAR  YEAR 
193^^:  Hertz,  Royt  a)  reelected  Chairman,  Panel  on  Endocirinology,  Gonmilttee 
on  Growth  of  the  National  Resecureh  Council  and  member  Executive  Committee  of 
C.O.G.  • 

b)  Served  on  facully  of  John  Andrews  Clinical  Sooiely,  Tnskegee^  Alabama,  April 
11-16,  1954. 

o )  ELectedfas  Director  of  the  American  Association  for  Cancer  Research  for 
period  195^^. 

d)  Invited'  "to  present  esdiibit  at  IntemationeQ.  Conference  of  Obstetrics  and 
(^pieoology,  Geneva,  Std.tzerland,  August  1954  (not  attended). 
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Endocrine  Aspects  of  Cancer  of  the  Prostate  in  Man 


PRaTECT  TITLE 


Roy  Hertz  and  Lois  F.  Qallnan 
PRINCIPAL  INVESTIGATCR{S) 


James  Flttman,  Harold  Altnan,  Leslie  DeGroot  and  Alexander  Breslow 
"OOaiER  INVESTIOATCfiS  " 

PROJECT  INSCRIPTION  A)  Objectives;  1.  Tb  Improve  non-surgical  therapy  of  cancer 
of  the  prostate, 

2.  To  increase  understemdlng  of  endocrine  factors  Involved  in  genesis  and  course 
of  prostate  cancer. 

3.  To  gain  basic  Imovledge  of  the  metabolic  action  of  certain  steroids  in  man. 

B)  The  proposed  Studies  Inclxtdet  1.  Bctenslon  of  clinical  evaluation  of  massive 
Intravenous  estrogen  tiierapy  In  cases  of  advanced  prostate  cancer  no  longer  amenable 
to  customary  anti-cmdrogenio  therapy  Indicate  Idiat  further  clinical  remission  can 
be  obtained  by  bombarding  tiiese  patients  with  estrogen  dosages  previously  considered 
to  be  acutely  toxic.  Blood  level  data  indicate  that  levels  can  be  obtained  in  this 
manner  ^Ich  are  unattainable  l^  other  iroutes  of  administration.  Alldiongh  the 
initial  observations  are  hl^ily  encouraging,  so  many  variables  enter  "Uie  clinical 
picture  that  a  final  evaluation  will  require  systematic  observation  of  50  to  100 
cases  by  a  group  of  experienced  observers.  Quantitative  data  on  the  vel^ty  food 
intake,  hemoglobin,  pLasma  proteins,  serum  acid  and  alkaline  i^iosidiatase,  narcotic 
requirement,  ambulation,  and  work  output  are  to  be  tabulated.  The  radiological 
appearance  of  osseous  metastases  is  to  be  followed  by  perlodis  x-rays.  Periodic 
biopsies  of  available  primary  or  metastatic  cancer  are  to  be  renewed  for  evidence 
of  iregression.  Urethrograms  and  barium  enemata,  as  well  as  digital  evaluation 
will  be  used  to  record  change  In  size  of  the  local  tissue  mass  in  appropriate 
cases. 
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2,  PrellTnlnary  observation  on  the  lack  of  acute  effect  of  high  estrogen  blood 
level  on  serum  acid  phosiiiatase  level  will  be  extended  by  combined  bloassaj  and 
biochemical  study  of  the  plasma. 

The  nature  of  the  acid  phosphatase  activity  and  the  effect  of  the  theraiy  on 
the  respective  "prostatic"  and  "non-pro static"  ^oa^^tase  fz^ctions  will  be 
followed  as  a  special  study  by  Miss  Lois  Hallman. 

The  problem  of  the  mechanism  of  elevation  ef  add  i&osphatase  in  metastatic 
prostate  cancer  will  be  approached  in  the  li^t  of  our  published  canine  experi- 
ments which  Indicate  -^lat  some  factor  other  than  mere  ectopic  location  of  the 
active  tissue  is  essentieuL  for  the  entrance  of  tbe  enizyme  into  the  blood  stream. 
(Correlate  with  Project  IX),  Preliminary  data  Indicate  the  existence  of  a  noxmal 
inhibitojy  substance  \diich  is  lacking  in  the  plaana  of  fatienta  with  a  hi^  acid 
j^osphatase  tltre.  This  problem  is  to  be  pursued  further. 

3,  Attempts  to  ascertain  the  half -life  of  acid  ^losphatase  in  the  perii^eral 
ciixrulatlon  will  be  made  by  determining  arterlo-venous  differences  in  the  tltre 

In  vessels  of  involved  parts  as  compared  with  vessels  suppOLying  uninvolved  portions 
of  the  body  and  by  applying  tetimiquets  for  varying  periods  of  time, 

A.  Medical  adrenalectomy  will  be  attempted  by  (a)  administration  of  massive 
infusslons  of  hyirooortisone  properly  covered  by  adequate  potassium  dosage  and 
salt  restriction  plus  excess  protein  hydrolysate  to  cover  the  catabollc  effect, 
thus  avoiding  acute  toxicity  from  the  glucocorticoid  itself;  and 

Administration  of  amphenone  and  related  compounds  under  conditions  \iAiich 
will  permit  evaltiation  of  their  effect  upon  adrenal  androgenic  function. 

C)  Slgnifioance  to  the  Program  of  the  Institute;  The  hl^  freqviency  of  prostatic 
carcinoma  in  wflw  and  initial  Inroads  upon  it  by  honnonal  i^erapy  li^lcate  the 
pertinence  of  this  study  to  cancer  research. 
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6,  Preoperative  Hormonal  Therapy  of  Cancer  of  Cervix 


PROJECT  TITLE 


Y  Roy  Hertz  and  Robert  Sni-Ui 
PRINCIPAL  INVESTIGAfCSl(S) 


8.  Jamea  Pittman,  Harold  Altman,  Leslie  DeGroot  and  Alexander  BreaLow 

OTHER  INVESTIGATORS 

9.  PROJECT  DESCRIPTICa?   A)  Ob.lectives:  To  dateimine  the  value  of  steroid  therapy 
as  a  palliative  measure  in  advanced  cancer  of  the  cervix, 

B)  Methods;  Patients  vtio  are  considered  amenable  to  definitive  surgical  therapy  / 
are  pre-treated  for  4-  to  6  weeks  with  massive  doses  of  various  steroid  hormones  / 
sin^y  and  in  combination  and  then  are  operated  upon.  Their  progress  is  evaluated! 
by  frequent  pelvic  examination,  serial  biopsies  and  smears  and  by  histopathological 
study  of  the  stirgical  specimens  removed.  Pyelograms  and  baritm  enemata  are  also  \ 
employed  to  evaluate  changes  in  the  pelvic  viscera.  The  amount  of  vaginal  bleed  J 
is  checked  from  day  to  day.  The  patient's  general  clinical  status  with  respect 
wei^t,  appetite,  blood  status,  and  pain  are  also  closely  observed, 

C)  Ifajor  firaiingst  Initial  observations  in  28  cases  of  cervical  cancer  treated  Afit 
progesterone  revealed  minor  changes  vAiich  were  erroneously  interpreted  to  reflect  a 
regressive  change  in  tiie  lesions.  Hovrever,  further  familisurity  with  the  spontaneous 
fluctuation  in  the  gross  appearance  of  such  lesions  leads  us  to  conclude  that  pro- 
gesterone in  the  time  and  dosage  schedule  employed  lacks  any  material  effect  on 

■Uie  clinical  course  of  the  disease.  Histopathological  study  of  serial  biop^  spe- 
cimens reveals  no  deviations  from  the  pathological  changes  usually  seen  in  such 
tumors.  A  report  to  this  effect  is  in  preparation  for  publication, 

D)  Proposed  study;  We  propose  to  evaluate  the  possible  effect  of  more  massive 
dosage  of  progesterone  given  by  Intravenous  route  in  propylene  glycol  plus  human 
serum  albimin.  We  also  propose  to  study  the  effect  of  androgens,  estrogens,  and 
corticoids  iii  this  relationsgiip,  Nor-progesterone  will  be  evaliiated  when  available, 
as  well  as  the  anti-estro genie  compound  allopregnane  21-ol-3,20  dione. 
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W.     mSLlCATICm   other  than  AB3!ERACTS  iRGM  mCS  PROJECT  Tmjm  CALEHDAR  YEAR  195U: 

Letter  to  Editor  "Progesterone  and  Carcinoma  of  the  Cervix"  by  Roy  Hertz 
and  J,  Keith  Cromer.  J^.M.A.  154-:  UlA,  1954-  (March  27). 

Qidoorinological  Background  of  Patients  with  ^idome trial  ^TperpiLaala 
or  Cancer  of  the  Fundus ,  by  Roy  Hertz.  Presented  a.%  American  Cancer 
Society  Symposium,  New  York  City,  October  18,  1954,, 
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6.  The  Nature  of  Hormone-Producixig  Tumors  of  Pituitary,  Adrenal,  Ovary,  'Testis, 

PROJECT  TITI£  Z  ^"TZ '  „   ^  „, 7" " — — 

Pancreas,  Parathyroid  and  Chorion 

7.  Roy  Hertz  and  William  W.  Tullner 


PRINCIPAL  INVESTIGATOR(S) 


James  Pittman,  Leslie  DeGroot,  Alexander  Breslow  and  Hax^ld  Altman 
OTHER  INVESTIGATORS  ~  ~~~ — — 


PROJECT  INSCRIPTION  a)  Objectives;  1.  To  learn  more  about  the  basic  metabolic 
phenomena  involved  in  the  process  whereby  neopasms  in  hormone-producing  organs 
produce  highly  excessive  amounts  of  honnone,  resulting  in  such  sjmdromes  as 
Chshing's  Disease,  Acromegaly,  Hyperparathyroidism,  Hyperadrenallsm,  and  similar 
endocrinopa thie s , 

2,  To  maintain  in  tissue  culture  hormone-producing  tissues  euxi  to  ascertain  the 
factors  involved  in  quantitative  hormone  production  in  vitro, 

B)  Methods;  Hormone  producing  tumors  from  patients  with  one  of  the  above-named 
syndromes  are  obtained  at  surgery  and  carried  in  tissue  culture.  The  supernatant 
fluid  from  the  cultures  are  tested  for  hormonal  activity  by  appropriate  bioassay 
methods  and  the  quantity  recovered  compared  with  the  content  of  a  piece  of  tissue 
exactly  equivalent  to  that  originsilly  placed  In  culture. 

Patients  presenting  such  sjmdromes  are  completely  characteriised  endocrinolo- 
gically  and  metabolically  before  and  after  therapy  in  order  to  ascertain  the  re- 
lative effects  of  various  forms  of  therapy, 

C)  ?fa.1or  finiings;  1.  Hydatid  mole  tissue  from  9  cases  has  been  maintained  in 
tissue  culture  for  as  long  as  22  months  vdth  continuous  production  of  choidonic 
gonadotropic  hormones.  Complete  morphological  dedifferentiation  of  certain  cultures 
was  nevertheless  accompanied  by  continued  hormone  production, 

2,  Nine  patients  with  hydatid  mole  have  been  shoim  to  lack  the  histidlnurla  seen 
in  normal  pregnancy.  This  suggests  a  possible  differential  test  for  distinguishing 
between  hydatid  mole  and  normal  pregnancy  -  a  clinical  problem  of  considerable 
magnitude . 
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3.  A  case  of  sexual  precocity  in  a  six  year  old  boy  has  been  shovn  to  be  due 
to  an  androgen  producing  tumor  of  the  testicle. 

D)  Proposed  atudiea;  We  pi*opose  to  continue  the  above  studies.  We  will 
emfdiasize  a  detailed  study  of  the  hormoral  profile  of  patients  wi-Hi  acromegaly 
before,  during  and  after  radiation  therapy  in  order  to  elucidate  the  mechanism 
whereby  x-ray  frequently  halts  the  progress  of  this  deforming  disease.  Social 
emphasis  will  be  placed  upon  tha  det„ : .nination  of  grovrth  hormone  in  the  plasma 
by  special  assay  techniques  still  being  developed.  (See  Project  IX), 

Pancreatic  islet  cell  tumors  will  be  given  special  consideration  with  a 
view  to  developing  an  insulin-producing  strain  of  cells  for  practical  Insulin 
production. 

Extended  attempts  to  carry  heterologous  hormone-producing  tumors  in 
cortisone-treated  animals  will  be  undertaken  in  addition  to  the  tissue  culture 
work. 
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VIDING  FUNDS,  FACILITIES,  C«  PERSONNEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 

Dr,  Ebrle's  Tissue  Culture  Unit  collaborates  in  ttiis  program. 


¥1   IF  THIS  PROJECT  RESEMBLES,  CC»ffLEMENTS,  CR  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  OF  PERSONNEL,  FACILITIES  OR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 
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Gonadotrophic  Hormone  Secretion  from  Hydatid  Mole  Grown  in 
Tissue  Culture,  by  Helen  K.  Waltz,  William  W.  Tullner,  Virginia 
J.  Evans,  Roy  Hertz  and  Wilton  R,  Earle,  J,  Nat.  Cancer  Inst. 
14:  1173,  1954. 
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6.   Biotin  and  the  Avidln-Blotin  Complex  in  Relation  to  Normal  and  Neoplastic 


PROJECT  TITLE   _^     _    ~ 
Tissue  Growth 


7.    Roy  Hertz,  Frederick  G.  Dhyse  and  William  W.  Tullner 


PRINCIPAL  IWVESTIGAT0R(3) 

Dr..  Lloyd  Law 
OTHER  INVESTIOATCS^ 


9.  PROJECT  DESCRIPTION  j^)  Objectives:  1.  To  ascertain  the  role  of  blotln,  a  dletaify 
trace  factor,  In  the  growth  of  normal  tissue  and  in  the  development  of  neoplaama  in 
animals  and  man. 

2.  To  learn  the  normal  metabolism  of  biotin  in  man  and  to  produce  biotin  deficiency 
in  cancer  patients  administering  low  biotin  diets  plus  concentrates  of  avidin  prepared 
from  egg-white. 

3,  To  develop  methods  for  the  cheap  and  practical  preparation  of  large  amounts  of 
avidin  for  therapeutic  trial  in  selected  cancer  cases. 

B)  Mettiodat  1. Standard  methods  of  protein  fractionation  of  egg  white  are  employed  io 
prepare  potent  avidin  concentrates  which  are  assayed  for  growth  suppressing  effect  on 
a  biotin  requiring  yeast  organism. 

2,  Biotin  deficiency  is  produced  in  mice  by  feeding  egg  white  and  avidin  <»>ncentrate8 
and  the  effect  of  this  deficiency  on  such  standardized  timiors  as  transplemtable  leukemia 
is  detennined  in  collaboration  with  Dr.  Lloyd  Law, 

3.  ftitlents  are   carried  on  diets  of  knoim  and  constant  biotin  content  and  the  urinary 
biotin  excretion  is  followed  microbiologlcally.  The  effects  of  egg  white  feeding  and 
avidin  feeding  are  observed  upon  the  patient's  clinical  nutritional  status  and  upon 
the  Tnrtnary  excretion  of  biotin. 

C)  tfa.lor  Findings;  1.  An  excellent,  economical  method  of  preparing  potent  concen- 
trates of  avidin  has  been  developed  and  a  stock  pile  of  this  material  for  dLlnical 
and  experimental  use  has  been  prepared. 

(PLEASE  ADD  SHEETS  AS  NECESSARY  FOR  CONTINUATION) 
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2.  Initial  valvies  for  bio  tin  excretion  have  been  determined  in  several  patients  and 
fo\md  to  be  stiff iclently  constant  to  permit  study  of  effects  of  avidin  on  same.  One 
patient  has  been  euLmost  completely  depleted  of  biotin  reserve  by  avidin  but  showed 
no  significant  clinical  effect  firom  this  depletion, 

D)  Significance  to  the  Program  of  the  Institute;  Numerous  experimental  fl«1in»!<1 
studies  show  a  marked  impairement  in  carcinogenicity  of  certain  dyes  in  biotin  de- 
ficient animals.  Induced  biotin  deficiency  may  parallel  induced  folio  acid  deficiency 
in  depressing  certain  specific  tumor  growths  with  at  least  a  narrow  margin  of  safety 
with  respect  to  the  tissues  of  the  host.  At  least  this  same  principib  otight  to  be 
tested  out  in  relation  to  biotin, 

E)  Proposed  Course  of  Study t  These  studies  are  to  be  continued  as  outlined  above. 
The  animal  work  will  emphasize  leul^emia  and  hormone-induced  tissue  grovrth  of  the 
uterus  and  prostate.  The   clinical  studies  idl.1  be  pursued  in  patients  with  lesions 
suitable  for  objective  evaluation.  Appixjpriate  contract  arrangements  are   to  be 
developed  \d.th  industrial  laboratories  for  the  preparation  of  the  large  amounts  of 
avidin  necessary  for  the  clinical  studies.  The  methods  developed  b7  Jfr.  Dhyse  will 
probably  have  to  undergo  some  modification  for  large-scale  application. 
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13.  COOPERATING  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  <»GANIZATICaiS,  PRO- 
VIDING FUNDS,  FACILITIES,  CSR   PERSCaWEL  YOB   THIS  PROJECT  IN  EITHER  1955  or  I956: 

Dr.  Lloyd  Law,  Head,  LeTikemla  Studies  Section  of  the  Laboratory 
of  Biology,  NCI,  participates  in  mouse  leukemia  studies. 


J!  IF  THIS  PROJECT  RESEMBLES,  CCMPLEMENTS,  CR  PARALLELS  RESEARCH  DONE  ELSEWHERE 
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FUNDS),  IDENTIFY  SUCH  RESEARCH: 
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PROJECT  V 


l5^  FUBLICAHONS  other  than  ABS^mACrS  FRCM  this  project  IXJRUK}  calendar  YSAR  \9^h: 


A  Practical  Laboratory  Preparation  of  Avidin  Concentrates  for 
Biological  Investigation  by  Frederick  G,  Dhyse,  Proc,  Soo.  Exper, 
Biol.  &  Med.  85:  515-517,  1954-. 


17:  HONORS  ANP  AWARDS  TO  PEKSCWNEL  RELATING  TO  THIS  PROJECT  DURING  CAI£NDAR  TEAR 
1951*: 

KOITE 


PAGE  1 

PROJECT  REPCRT  FORK 
PROJECT  VI 

1.  National  Capper  Institute     2.  Bidocrlpology  Branch 

r»^STIlVIE  LABCRATOJY  <S  BRMCH  ~     ~ 

3-   Eadoorlnology  Service 1^, 5 . /^/'*^^t,rS- 

SECTION  OR  SERVICE  LOCATION  (IF  OTHER  THAN  BETHESDA)   SERIAL  NO 


6.    Effect  of  Steroid  Therapy  on  Metabolism  of  B-Complex  Factors  in  Cancer  Patients 
PROJECT  TITLE  '   — —— 


Y,  Roy  Hertz,  John  Adams  Schricker  and  Donald  Watkln 
PRINCIPAL  INVESTIGATOR(S) 


8.   Grant  D.  Coffman 


OTHER  INVESTIGATORS '        " 

9.  PROJECT  DESCRIPTION  A)  Objectives;  1.  To  detennlne  the  effect  of  protein 
anabolic  action  of  steroid  therapy  in  cancer  patients  upon  the  metabolism  of  B- 
complex  factors  consumed  in  the  diet, 

2,  To  correlate  the  foregoing  vdth  specific  therapeutic  effects  obtained. 

B)  Methods  Employed:  Patients  are  maintained  on  a  fixed  3  day  dietary  cycle  and  their 
dietary  intake  determined  hy  a  paired-tray  procedure.  Continuous  urine  collection 
provides  specimens  for  determining  tirinary  excretion  of  nitrogen,  biotin,  riboflavin, 
niacin,  folocln,  and  pantothenate  (See  project  l), 

C)  Proposed  Course  of  Ptrtject;  It  is  proposed  to  develop  and  extend  these  studies  as 
a  new  project  largely  by  continuing  studies  already  in  progress.  Observations  would 
be  made  in  suitable  patients  with  andro gen-induced  protein-anabolism  and  in  cortisone- 
induced  protelil'fcatabolic  states.  In  this  manner  the  relationship  of  B-oomplex  balance 
to  nitrogen  bempce  may  be  determined  with  a  view  to  clarify  the  mechanism  of  action 
of  these  8teroM|  on  protein  metabolian  generally. 

As  facjiities  become  available  the  paired  tray  technique  is  to  be  ireplaced 
by  full  metabolic  balance  study.  This  more  exact  technique  will  provide  necessary 
contro]  data  regarding  the  differences  between  androgen-induced  nitrogen  retention 
and  simple  retention  following  Increased  intake. 
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VIDING FUNDS,  FACILITIES,  C»  PERSCSWEL  FOR  THIS  PROJECT  IN  EITHER  1955  or  I956: 

Dr.  Donald  Vfetkln,  General  Medicine  Branch,  is  collaborating  in  completingi 
the  studies  on  patients  on  the  complete  balance  regime. 
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1.   National  Cancer  Institute     2.    Kidocrinology  Branch 


IliSTITUllE  LABOBATOay  GH  IiR.\lJCH 

3'   Fnrioeripoloffy  Service •*- j 5»<^P"'C' 

SECTION  OR  SERVICE  LOCAI'IOJI  (IF  OCHER  THAN  BETffiiSDA)   SERIAL  NO 

6.    Endocrine  Characterization  of  Females  with  Cancer  of  the  Larynx 

PROJECT  TITLE 


7.   Roy  Hertz,  Morris  Graff  and  Lois  F.  Hallman 
PRiifCIPAL  INVESTIGATOR(S) 


8.  James  Pittman,  Harold  Altman,  Alexander  Breslow  and  Leslie  DeGroot 

OTHER  INVESTIGATORS 

9.  PROJECT  DESCRIPTION  a)  Objectives:  1.  To  determine  the  endocrinological  charac- 
teristics of  the  relatively  rare  female  patient  with  cancer  of  the  larynx  in  order  to 
assess  the  role  of  endocrine  factors  in  the  pathogenesis  of  this  disease. 

B)  Methods  Bnployedt  Women  with  proven  cancer  of  the  larynx  will  be  hospitalized  and 
a  complete  endocrine  evaluation  made  by:  (l)  recording  a  complete  pubertal,  menstrual, 
and  reproductive  histoiy  and  any  other  pertinent  endocrine  facts  regarding  the  patient 
and  her  family:  (2)  complete  physical  appraisal  of  endocrine  make-up  with  empliasis  on 
obesity,  masculinity,  size  of  clitoris,  hirsutism,  voice  pitch,  acne,  baldness,  vaginal 
smear  and  other  endocrine  factors;  (3)  determination  of  urinary  corticoids,  estrogens, 
ketosteroids,  and  gonadotropins;  also  glucose  tolerance,  B.M.R.,  protein  bound  iodine, 
eosinophile  response  test  and  other  measures  of  endocrine  f\mctions. 

These  data  would  be  collected  in  order  to  detemine  whether  there  is  any  evidence 
of  gonadal  or  adrenal  androgenization  of  the  female  who  gets  cancer  of  the  larynx  as 
compared  with  normal  females  of  the  same  age  group. 

C)  Major  Findings;  Preliminary  superficial  clinical  observation  of  2  females  with 
cancer  of  larynx  has  revealed  no  striking  difference. 

D)  SirmificancetotheProgram!  Literature  review  indicates  that  the  sex  ratio  for 
cancer  of  the  larynx  is  variously  estimated  as  between  I6  to  1  and  200  to  1.  In  any 
case  it  is  clear  that  females  are  relatively  rare  among  patients  wxth  laryngeal  cancer. 

The  larvnx  is  a  secondary  sex  organ  in  that  its  pubertal  differentiation  is  hor- 
monally  dep^nt!  Moreoverfandrogeradminlstration  readily  alters  the  larynx  in  the 
S^n  fertile  but  Ao  case  of  ^ncer  of  the  larynx  in  the  hx.nan  female  has  yet  been  re- 
ported  follov/ing  ojidrogon  acMinistratlon. 

(PLE/iSE  /iDD  SHeSTS  AS  NECESSARY  FOU  COi'^TINUATION) 


PROJECT  REPORT  F0RJ4  (Cont'd) 
PROJECT  VII 


PAGE  2- 


10.  jrcMdh^ 

SERIAL  NO. 


IE  BUDGET  DATA: 


ESTIMATED 
EXPENDITURES 

BUDGETED  POSITIONS 

MAN  YEARS 

PATIENT 
DA^ 

PROP 

OrHER 

TOTAL 

PROF 

OTMR 

TOTAL 

FY  1955 

^ 

C 

0 

a 

0 

d> 

a 

a 

FY  1956 

^  ^f^3 

^ 

/ 

c9 

3 

/ 

y 

Soo 

12.  BUDGET  ACTIVITY: 


RESEARCH  ^ 

REVIEW  &  APPROVAL  [J 


ADMINISTRATION       fj 
■TECHNICAL  ASSISTANCE  [J 


13.  COOPERATING  UNITS  OF  THE  PUBLIC  HEALTH  SERVICE,  OR  OTHER  (»GANIZATIONS ,  PRO- 
VIDING FUNDS,  FACILITIES,  (»  PERSC8JNEL  FC«  THIS  PROJECT  IN  EITHER  1955  or  I956: 


it;   IF  THIS  PROJECT  RESEMBLES,  COMPLEMENTS,  OR  PARALLELS  RESEARCH  DONE  ELSEWHERE 
IN  THE  PUBLIC  HEALTH  SERVICE  (WITHOUT  INTERCHANGE  OF  PERSOIHEL,  FACILITIES  OR 
FUNDS),  IDENTIFY  SUCH  RESEARCH: 


No  entries  for  U,  15,  I6,  and  17 


PAGE  1 


PROJECT  PEPOirr  FORM 
PROJECT  VIII 


1.   National  Cancer  Institute     2.     Qidocrinology  Branch 

iiisyiiuTE  -      "LABciiATosY  cs  liRAi^cH 


3.   Endocrinology  Service        1^  Ai*/  it  ^ft 

SECTION  CM  SERVICE  '  '  lUX^l-IO^  (iF  OL-gER  T^I  BETHESM)   §S^ 

6.   Methods  of  Steroid  Analysis  in  Urine  and  Blood  from  Cancer  Patients 

PROJECT  TITLE         ~ — — — 


?•   Morris  Graff 

PRINCIPAL  IWVESTIGATORCS) 


Silas  Jackson,  Foster  Burnett  and  Maurice  Moore 

OTHER  INVESTIGATCS^S      ' — — 


9.  PROJECT  DESCRIPTION  A)  Objectives;  To  develop  and  improve  the  chemical  methodology 
for  determination  of  urinary  corticoids  and  ketosteroids  ard  blood  corticoids,  estrogen3| 
and  androgens. 

B)  Methods  Qnployedt  Classical  methods  of  reagent  and  enzymatic  hj^rolysis,  chiTomato- 
graphic  adsorption  and  elution,  paper  chromatography,  and  spectrophotometric  determina- 
tion of  specifically  developed  chromogens.  Chemical  methods  to  be  correlated  with 
equivalent  bioassays  available  under  Project  IX) 

C)  Major  Findinf^s:  Methods  for  iirinary  ketosteroids  and  corticoids  have  been  developed 
£ind  perfected  and  are  now  adaptable  for  clinical  studies. 

Blood  corticoid  methods  have  been  investigated  and  an  improved  method  devised  vrtiich 
is  now  available  for  clinical  research  studies  involving  assessment  of  adrenal  corticoid 
function. 

D)  Significance  to  the  Program;  These  methods  are  basic  to  the  endocrinological  study 
of  patients  with  cancer  of  the  breast,  prostate,  cervix,  and  larynx. 

E)  Proposed  Course;  The  further  extension  of  methodological  investigation  is  proposed 
especially  for  blood  estrogen  and  urinary  estrogen  by  fluorometric  methods.  Extended 
investigation  of  the  use  of  the  Anthrone  reagent  in  steroid  analysis  is  planned. 
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S£t<IAL  1^0. 
Vo.     FOBLICATIOiS  OTHER  THAN  ABSISACTS  JRCSl  THIS  PBOJECT  DURING  CALEaiDAR  YEAR  195**: 


None 


Yf, — HO:iORS  AND  AWARDS  TO  PERSONNEL  RELATING  TO  THIS  RRO^CT  WJRIKO  CALENDAR  YEAR 

Mr.  Graff  Is  appointed  lecturer  at  Georgetown  Medical  School  and 
will  give  a  course  of  lectures  on  steroids. 
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6.  Endocrine  Factors  Governing  Hoimone-Induced  Tissue  Growth  and  Tumor  Formation 
PROJECT  TITLE  iji  Animalsj  Bioassay  of  Blood  and  Urine  frrim  Cancer  Patients * 

7.  William  Tullner,  Donald  Spencer,  Silvio  Bruzzone,  Lois  HaUman 

PRINCIPAL  '  INVESTIGATOR  (S)    " — *~ ~ — 


8.  F.  G.  Dhyse^  L.  DeGroot,  A.  Breslow,  Harold  Altman,  James  Pittman 
OTHER  INVEOTIOATOBS  ' — ~~~ — _ — 


9.  PROJECT  DESCRIPTION  A)  Ob.lectivea:  1,  To  gain  basic  infoimation  eonceming, 
endocrinological  and  nutritional  factors  governing  hormonally  conditioned  groirfch  and 
Involution  in  organs  such  as  the  uterus,  bireast  and  prostate  tdiich  are  the  frequent 
seat  of  hormone-sensitive  neojiasms,  , 

2,  To  develop  and  improve  bioassay  methods  for  the  quantitation  of  hoimones  In  the 
blood  and  urine  of  patients  with  cancer  irtio  are  either  receiving  various  foms  of 
hozmonal  therapy  or  who  present  unusual  hormonal  patterns, 

3.  To  deter^iae  the  biological  properties  of  steroid  and  related  compounds  in  teime 
of  their  potential  usefulness  in  cancer  therajy. 

B)  Methods  Employed:  Standard  methods  of  biological  study  are  employed.  These  incliade: 
(1)  the  maintenance  of  animals  of  various  species  on  specified  hormonal  or  nutritional 
regimens  J  (2)  daily  observations  of  physical  and  behavioral  changes  in  such  anijnalsj  [ 
(3)  somplete  autopsy  of  test  animals  id.th  detailed  weighing  and  chonical  analysis  an^ 
histological  study  of  specific  organs  j  (4.)  surgical  alteration  of  the  endocidne  status 
of  animals  by  gonadectomy,  sdrenalectomy,  hypojAiysecton^,  thjrroidectomy,  parabiosis, 
hysterectomy  and  other  operative  procedures. 

C)  Major  Findings t  These  are  ^tailed  in  the  publications  listed  imder  Item  16, 
They  may  be  briefly^  enumerated  as  SoW^mbx 

1,  Histochendcal  studies  by  Di»i-  Bruzzone  show  that  a  rapid  accumulation  of  DH/t 
In  the  nucleolus  of  the  epithelial  cells  of  the  rat  endometrium  is  one  of  the  first 
effects  of  estrogenic  stimulation.  In  addition,  the  nucleolus  shows  dupliscation  under 
estrogen  stimulation.  These  phenomena  reflect  a  very  early  and  sensitive  response  to 
esti^Jgen,  The  chronological  factors  and  the  qtiantitative  aspects  of  these  changes 
remain  to  be  worked  out, 
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2,  Additional  studies  on  the  inhibition  of  estrogen-induced  tissue  growth  by 
folic  antagonists  show  that  the  uterus  of  the  rat  may  be  rendered  resistant  to  thia 
inhibition  by  prior  sensitization  with  estrogen  alone.  It  would  appear  that  sbme 
of  the  uterine  cells  acquire  the  capacity  to  OTrercome  the  anti-folio  inhibition 
such  as  do  the  idiite  cells  of  the  leukemic  patient  or  animal.  Various  nutritional 
studies  are  to  be  undertaken  to  attempt  to  restore  sensitivity  to  the  resistant  uteri. 
We  regard  this  as  of  fundamental  importance  since  it  shows  the  capacity  of  a  tissue 
to  adapt  to  an  alternative  metabolic  system  in  order  to  effect  a  hormonal  response, 

3.  The  biological  properties  of  Amphenone  in  relation  to  adrenal  cortical 
function  have  been  extensively  studied.  Those  findings  were  presented  before  the 
Laurentian  Hoimone  Conference ,  Conclusive  evidence  of  interference  with  corticoid 
synthesis  by  Amidienone  in  the  dog  was  presented.  These  data  are  derived  from 
quantitative  corticoid  determination  in  the  adrenal-vein  blood  of  the  l^rpoi^seotomiaed 
dog  given  variable  doses  of  ACTH  both  with  and  without  Amphenone.  A  marked  suppresaion 
in  response  of  the  adrenal  to  exogenous  corticoid  is  readily  demonstrated. 

A  series  of  analogues  of  Amphenone  have  been  synthesized  and  studied.  These 
include  alpha)  beta,  dimethyl-4.  A'stilbenediamine,  the  dimethylamino  derivative  of 
Amjiienone,  the  oxine  derivative  of  Amphenone,  and  the  butanone  derivative  of  AmpJienona, 
These  compounds  share  the  biological  properties  of  Amphenone  and  further  differential 
studies  are  being  made  with  respect  to  relative  toxicity  and  central  nervous  system 
depressant  effect.  Twenty-five  related  compounds  have  been  found  to  be  inert. 
Indicating  a  relatively  high  degree  of  specificity  for  these  interesting  endocrinolo- 
gical effects. 

Extended  work  with  these  and  related  substances  is  projected  with  a  view  to 
deriving  a  non-toxic,  specific  inhibitor  of  adrenal-cortical  function. 

Chromatographic  analysis  of  the  steroid  content  of  the  adrenal  vein  blood  of 
the  Ampfaenone-treated  animal  is  also  to  be  carried  out. 

U,     Further  studies  on  potent  anti-gonadotroiAiic  sera  have  led  to  some  degree 
of  purification  of  the  active  inhibitory  material.  These  efforts  are  to  be  extended 
by  means  of  specific  Immunochemical  adsorption  and  elution  techniques  now  being 
developed. 

5.  Additional  steroids  have  been  screened  for  possible  dissociation  of 
pituitary  depressant  action  from  other  biological  effects.  The  studies  on  the 
biological  properties  of  allopregnane,  21-ol-3,20  dione  and  Reichstein's  compound  S 
have  been  completed  and  reported.  Assays  of  the  new  corticoids,  metacortandrosin  and 
metacortandrolone  have  indicated  no  material  dissociation  of  pituitary  depressant 
action  and  enhanced  corticoid  action. 

6.  Extension  of  studies  on  the  local  catabolic  function  involved  in  the 
Involution  of  hormone  sensitive  organs  following  gonadectomy  substantiate  the 
complete  quantitative  and  chronological  independence  of  this  process  from  general 
catabolic  effects  on  the  body  as  a  idiole. 

Substantial  progress  has  been  made  on  a  sensitive  and  highly  specific  assay 
for  luteinizing  hormone.  A  normally  cycling  female  rat  is  followed  by  vaginal  smeara 
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until  she  Is  found  to  be  in  the  pre-ovulatoiy  or  pre-estrus  i^se  i^iich  is  charac- 
teidzed  by  the  appearance  of  very  large  numbers  of  large  rounded,  nucleated  epithelial 
cells  in  the  vaginal  smears.  Our  previous  studies  had  shown  that  hypophysectom^  at 
this  point  will  abort  the  succeeding  ovulation.  Since  this  ovulation  depends  entirely 
on  luteinizing  hormone,  a  sensitive  and  specific  assay  is  based  on  the  restoration  of 
ovulation  by  injection  of  such  hormone  preparations.  It  is  hoped  that  this  wHl 
permit  us  to  assay  for  this  hoirmone  in  the  blood  and  turine  of  cancer  patients  under 
steiToid  regimens. 

A  strain  of  guinea  pigs  has  been  identified  which  has  a  large  number  of  hypo- 
gonadal  males.  ^Ihese  animals  have  normal  mating  behavior  but  have  complete  aspemia 
and  extremely  atrophic  testes.  A  complete  endocrine,  behavioral,  and  anatomical 
study  of  these  animals  is  being  undertaken  in  collaboration  vi-idi  Or.  W,  C.  Young, 
Prof,  of  Anatomy  at  the  University  of  l^nsas. 

Troyoaed  Course;  It  is  expected  to  continue  and  extend  the  foregoing  studies  along 
the  lines  already  indicated. 
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9.  PROJECT  DESCRIPTION    A>  The  Hepatic  Clearance  of  Plasma  Protein  Bound  Iodine 

in  Mant  The  objective  of  this  project  is  to  determine, 
in  man,  the  role  of  the  liver  in  the  excretion,  conjugation  and  utilization  of  thyroid 
hormone.  Results  obtained  are  to  be  compared  with  experimental  Information  available 
from  similar  work  done  1»  Mtimals  (rat,  mouse,  cat,  dog). 

Methods  Einployed;  Hepatic  valni  catheterization  in  man;  serum  or  plasma  protein  bound 
iodine  determinations,  hepatic  blood  flow  measurements  employing  the  bromsulfaphthalein 
technique , 

Major  Findingfs;  The  major  ftftdings  of  this  project  dviring  the  past  year  have  been  tte 
demonstration  of  a  significa»tly  lower  plasma  protein  bound  iodine  concentration  in 
blood  from  the  hepatic  veins-  of  humans  as  compared  to  the  concentration  of  plaana  protein 
bound  iodine  in  the  peripheral  veins  or  femoral  artery  blood  of  the  same  subject.  This 
enables  one  to  calculate  the  amount  of  protein  boxuid  iodine  removed  by  the  liver  ani 
gives  a  measure  of  the  entero-hepatlc  circulation  of  thjoroxine;  the  first  such  informa- 
tion available  in  man. 

Proposed  Course t  It  is  proposed  for  the  next  calendar  year  to  continue  studying  the 
fate  of  thyroxine  in  the  liver  of  man  by  utilizing  radioiodine  tagged  thyroxine.  This 
compoTind  ani  its  metabolic  products  will  be  traced  into  the  liver,  bile,  gastrointestinal 
tract  and  hepatic  vein  of  man.  Metabolic  degradation  and  conjugation  products  of 
labelled  thjrroxine  will  be  studied  by  means  of  paper  partition  chromatography.  The 
measurements  of  hepatic  plasma  protein  bound  iodine  clearance  will  be  extended. 

B)  The  Effects  of  Various  Steroids  on  Thyroid  Function  and  the  Metabolic  Fate  of 

Thyroxine:  The  effedt  of  estrogens,  androgens  and  corticoids  on  thyroid  function 
and  the  metabolic  fate  of  thyroxine.  " 
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Methods  Biiployed;  Radioiodine  24  hour  tracer  uptakes;  thyroid  gland  hormone 
secretion  rates;  p»aper  chromatography  of  protein  bound  radioiodine  compovinds, 
serum  protein  bound  iodine  determinations;  disappearance  rate  measurements  of 
blood  radio thyroxine;  serum  protein  thyroxine  binding  capacities, 

Ma.jor  Findings;  a)  Estrogens  cause  a  significant  rise  in  serum  protein  bound 
iodine  without  a  concomitant  rise  in  24-  hr,  tracer  radioiodine  uptake  of  the  thyroid 
gland;  b)  secretion  rate:  in  two  patients,  so  far,  one  has  had  no  change  in  secretion 
rate  with  estjTOgen  administration;  one  has  had  slowing  of  secretion  rate  with  estrogen 
administration;  c)  testosterone  causes  a  marked  fall  in  serum  protein  bound  iodine 
and  24-  hr,  radioiodine  tracer  uptake  by  the  thyroid  gland;  d)  Metacortandrocin 
and  metacortandrolone,  corticoids  similar  to  hydrocortisone,  cause  a  marked  fall 
in  uptake  and  serum  protein  bound  iodine;  e)  paper  partition  chromatography  has 
failed  to  reveal  any  qualitative  change  in  the  iodinated  compounds  released  by 
the  thyroid  under  the  influence  of  the  steroids  mentioned  above. 

Proposed  Course t  It  is  proposed,  during  the  next  calendar  year  to  extend  these  studies 
to  a  greater  number  of  cases  and  to  employ  radioactive  iodine  labelled  thyroxine  for 
tissue  utilization  studies  during  control  and  steroid  administration  periods  in  the 
same  patient, 

0)  Extra  Thyroidal  effects  of  Thyroid  Stimulating  Hormone;  TSH  Effect  on  Thyroxine 

to  Triiodo-thyronine  Conversion;  Methods  employed;  Measurements  of  serum 
or  plasma  protein  bound  iodine,  rate  of  radio  thyroxine  utilization  in  vivo  by 
scintillation  gamma  counting  of  blood  protein  fractions  in  sequential  fashion, 

Ma.lor  findings:  One  case  studied  so  far  over  2  week  period.  No  change  in  thyroxine 
utilization  rate  was  found. 

Proposed  Course;  Extension  of  present  study  to  several  patients  including  radio- 
thyroxine  utilization  studies, 

D)  In  Vitro  Conversion  of  Thyroxine  to  Triiodo-Thyronine  by  Surviving  Tissue  Slices 
and  Homogenates,  and  the  Factors  Influencing  this  Interconversion;  Ob.lectives; 
To  confirm  and  extend  the  work  of  Albright  and  Larsen  who  demonstrated  in  vitro  conver- 
sion of  thyroxine  to  triiodo-thyronine  by  rat  kidney  slices.  To  isolate  the  enzyme 
systems  responsible  for  the  deiodination  involved  and  to  ascertain  the  factors  in- 
fluencing this  enzyme's  action. 

Methods  Employed;  Surviving  tissue  slices,  tissue  cultures  and  homogenates  incubated 
with  radioiodine  labelled  1-thyroxine.  The  products  of  these  incubations  are  then 
analyzed  by  paper  partition  chromatography. 

Major  Findings;  No  conversion  to  triiodo-thyronine  by  mouse  liver  tissue  cultures; 
slight  appearance  of  triiodo  thyronine  after  incubation  with  monkey  surviving  kidney 
slices  and  homogenates  in  phosphate  buffer. 

Proposed  Course;  Continued  work  with  monkey  and  rat  tissue  simUar  to  that  noted  above. 
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knowledge  of  the  mechanism  of  action  of  the  steroid  hormones  on  per^:i^eral 
tissues  may  be  expected  to  help  explain  some  of  the  favorable  and  unfavorable 
effects  on  cancer  of  the  breast,  prostate  and  uterus. 
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7. 

Monte  A.  Greer 

PRINCIPAL  INVESTIGATOR(S) 

8. 

Leslie  J.  DeGroot,  Eleanor  Siperstein,  Howard  Eruln,  Robert  0,  Scow 

OTHER  INVESTIGATORS 

9.  PROJECT  DESCRIPTION  x)   Correlation  of  histologic  morphology  and  metabolism  of 
Simple  goiter  with  its  response  to  thyroid  therapgri 

Qb.lectivest  To  determine  whether  these  is  any  correlation  between  the  micro scoplo 
appearance  and  metabolic  activity  of  various  types  of  simple  goiter  with  their  di- 
liinutlon  in  size  when  desiccated  thyroid  therapy  is  administered. 

Methods  employed;  Studies  of  the  metabolic  activity  of  simple  goiter  are  made  with  1-131 
tracer  sttidies.  A  wedge  biopsy  is  then  made  of  the  gland  and  3  weeks  later  administra- 
tion of  3  grains  daily  of  desiccated  thyroid  begun.  At  the  end  of  a  A-6  month  period 
t,  final  biopsy  is  performed.  In  the  case  of  aingle  nodules,  the  endire  nodvde  is  re- 
koved  at  the  end  of  the  therapy  period. 

Major  findings:  During  the  past  year,  only  A   such  patients  have  been  studied.  These 
included  cases  of  simple  goiter,  chronic  thyroiditis,  and  single  thyroid  adenomas.  All 
goiters  thus  far  studied  have  experienced  considerable  diminution  in  size, 

ProTX>8ed  course;  A  continuation  of  the  study  as  outlined  above  is  planned  for  the 
coming  year. 

B)  Isolation  and  identification  of  precursor  of  naturally  occurring  antithyroid 
compound,  1-5  vinylthlooxazolidone, 

Obieotives:  To  isolate,  crystallize,  and  identify  the  structure  of  the  precursor  of 
"the  only  known  naturally  occurring  antithyroid  substance,  vinylthiooxazolidone  The 
precursor  may  be  of  a  type  that  is  more  widespread  among  various  plant  foods  than  is 
now  believed, 

(PLEASE  ADD  SHEETS  AS  NECESSARY  FOR  CONTINUATION) 
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Methods  employed;  Brassica  seed  extracts  are  fractionated  by  various  procedures,  in- 
dluding  column  chromatography,  after  first  heat  denaturing  the  thioglycosidase  which 
specifically  hydrolyzes  the  precursor.  Assay  of  the  fractions  is  greatly  facilitated 
by  following  the  UV  abortion  spectrum.  The  precursor  has  a  specific  peak  absorption 
at  2270  A°,  Crystallization  and  identification  of  the  pure  compound  are  by  standard 
chemical'  and  microcheinical  procedures. 

Major  findings;  During  the  past  year,  the  precursor  has  been  purified  and  crystallized  , 
It  has  Been  found  to  be  a  thioglycoside  having  a  molecular  weight  of  about  1000,  m.p, 
130°  C,  Both  sodium,  potassium,  and  SO4.—  have  been  identified  in  the  molecule.  The 
glycone  has  been  tentatively  identified  as  a  fructose  polymer. 

Proposed  course;   It  is  planned  to  continue  vri.th  degradation  experlmenta  to  work  out 
the  structure  of  the  compound  and  to  determine  by  animals  and  human  assay  whether 
any  biologic  system  not  containing  the  specific  thioglycosidase  froimd  in  Brassica 
members  Is  capable  of  liberating  thiooxazolldone  from  it, 

C)  Stimulation  of  the  central  nervous  system  of  rats  by  radlofrequency  transmission. 

Objectives:  To  devise  apparatus  capable  of  stimulating  the  central  nervous  system, 
particularly  the  hypotlialamus,  of  rats.  The  animals  are  to  be  completely  unrestrained 
and  without  any  external  connections  to  the  pulse  generating  equipment.  It  is  hoped. 
to  produce  hyperfunction  of  the  pituitary  by  stimulation  of  those  areas  vAiich,  when 
destroyed  by  electrolytic  lesions,  result  in  decreased  hypophysial  function.  In  this 
way,  considerable  information  may  be  gained  of  neuro-endocrine  interrelationships. 

Methods  onployed;  A  technique  has  been  devised  for  fixing  radio  receivers  to  the 
skull  of  rats,  with  stimulating  electrodes  buried  according  to  calculation  ±a-  various 
parts  of  the  hypothalamus,  A  ratio  sending  ard  receiving  apparatus  haa  beexii  devised. 
to  carry  variable  pulses  to  the  hypothalamic  electrodes.  The  receiver'  in  the.  rat  is  en- 
tirely subcutaneous.  It  is  possible  to  stimulate- 36  or  more  rats  at  one  time  and*  wdAh 
variable  intensities  and  frequencies. 

Changes  in  hypophysial  function  are  measui-ed  by  gross  and  cytologic  changes  In 
the  pituitary  and  target  endocrine  glands  and  by  noting  alterations  in  the  functional 
activity  of  the  target  glands. 

Concomitantly  observations  are  made  of  the  behavioral  changes  produced  in  the 
animals  by  stimulation, 

Mia .1  or  findings;  During  the  past  year,  the  major  emphasis  has  been  on  developing  equip- 
ment and  techniques  to  a  satisfactory  level.  It  has  been  discovered!  that  stimulation 
of  the  hypothalamic  area  lateral  and  just  posterior  to  the  paraventricular  nuclei 
will  induce  marked  drinking  behavior  in  the  rats.  Stimulation  sli^tly  posterior  to 
this  area  will  Induce  marlced  eating  behavior. 

Proposed  course;  The  majtor  emphasis  during  the  coming  year  will  be  devoted  to  working 
out  the  "bugs"  in  the  stlrtiulation  system  and  develop  it  to  the  point  vitoere  stimulation 
can  be  continued  for  several  v/eeks  wltliout  any  appreciable  loss  of  response  in  the 
stimiilated  anjjnalo 
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D)  Study  of  ^e   structure  and  function  of  heterotopic  comparexi  with  nonaal  pituitayies. 

Objectives t  To  determine  the  alterations  in  structure  and  function  produced  in  th« 
pituitary  gland  ty  transplanting  it  to  an  abnormal  site  and  to  determine  yih&t  faotori 
are  involved  in  "Uie  changes  thus  produced. 

Methods  employed;  Pituitaries  from  new  bom  mice  are  transplanted  into  the  eye  or 
kidney  of  genetically  homogeneous  mature  mice.  The  hosts  are  hypophyseetomized  one 
week  later.  Three  weeks  folloxdjig  hypophyseotomy  the  functloB  of  the  heterotopic 
pituitaries  is  meaoured  by  following  changes  in  body  growth  and  changes  ±a  the  meta- 
bolism and  structure  of  the  target  endocrine  glands.  Pituitaiy  cytology  is  studied 
by  the  various  advanced  techniques  now  available, 

Ma.ior  findings:  l)  Heterotopic  pituitaries  are  able  to  maintain  thyroidal  1-131  me- 
tabolism at  a  level  approximately  equal  to  that  in  intact  animals.  They  are  not 
able  to  maintain  thyroid  weight  or  the  weight  of  other  iharget  endocrine  organs 
significantly  above  that  of  hypophysectomized  animals.  Raising  or  lowering  the  level 
of  circulating  thyroxin  will  cause  marked  changes  in  the  secretion  of  the  pituitary 
hormone  controlling  thyroidal  1-131  metabolism  in  these  animals  without  having  any 
significant  effect  on  thyroid  weight, 

2)  Glycogen  has  been  demonstrated  In  the  pituitary  for  the  first  time.  This 
is  present  particularly  in  the  younger  glands  and  in  highest  concentration  in  the 
pars  tuberalis. 

3)  The  differences  in  cytologj'-  of  heterotopic  compared  to  in  situ  pituitaries 
has  been  compared  for  various  agas.  One  of  the  most  striking  differences  is  the 
marked  diminution  in  chromophlles  in  the  heterotopic  glands.  There  is  also  a  marked 
hypertrophy  of  the  pars  intennedia  comparable  to  that  seen  following  hypothalamic  lesions 

Proposed  covirse;  The  major  effort  diiring  the  coming  year  will  be  devoted  to  a  study 
of  whether  function  of  the  heterotopic  pituitaries  can  be  increased  by  transplanting 
various  parts  of  the  central  nervous  system,  particularly  the  hypothalamus,  in  direct 
connection  with  the  pituitary  transplants.  A  system  has  already  been  devised  for 
making  transplants  of  considerable  size  to  the  kidney  of  adult  mice. 

It  will  also  be  determined  whether  the  heterotopic  pituitaries  secrete  the 
substance  necessary  for  ovarian  and  uterine  response  to  chorionic  gonadotropin,  A 
further  study  will  involve  whether  they  can  concentrate  Isotoplcally  labelled  tri- 
iodothyronine to  as  marked  an  extent  as  do  normal  glands, 

E)  The  effect  of  hypothalamic  lesions  on  pituitary  function. 

Objectives;  To  determine  what  effect  electrolytic  lesions  in  various  parts  of  the 
hypothalamus  have  upon  the  regulation  and  secretion  of  the  veirioua  hormonas  produced 
by  the  pituitary  gland. 

Methods  employed;  Electrolytic  lesions  are  made  In  the  hypothalamus  of  the  rats  by 
means  of  a  specially  designed  stereotaxic  Instrument.  Following  a  period  of  1-3  weeks 
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for  recovery,  studies  are  made  of  the  ablliiy  of  the  pituitary  to  secrete  the 
various  trophic  hormones.  These  determinations  are  made  by  studying  the  altera- 
tions of  structure  and  function  produced  in  the  target  endocrine  glands  by  various 
stdmuli.  For  example,  thyrotrophin  secretion  is  studied  by  the  change  produced  in 
thyroid  size  and  1-131  metabolism  by  chronic  administration  of  propylthiouracil. 

Major  findings;  During  the  past  year  it  has  been  found  that  the  location  of  the 
hypothalamic  area  controlling  thyrotrophin  secretion  in  the  rat  lies  in  the  midline 
between  the  paraventricular  nuclei  and  the  median  eminence.  Destruction  of  all  or 
part  of  this  area  will  markedly  interfere  with  thyrotrophin  secretion. 

It  has  also  been  found  that  although  lesions  in  the  above  area  will  prevent 
the  goitrogenic  response  to  amphenone  administration,  they  will  not  prevent  the  usual 
concomitant  adrenal  hypertrophy.  This  provides  further  evidence  that  the  hypothalamic 
areas  controlling  the  various  pituitary  functions  are  discrete. 

Proposed  covirset  It  is  planned  to  make  a  study  of  the  location  of  the  hypothalamic 
area  responsible  for  maintaining  normal  growth  of  the  pars  intermedia  of  the  hypo- 
physis. Material  from  over  500  rats  with  hypothalamic  lesions  has  already  been 
assembled  and  the  remaining  requirement  is  to  determine  how  far/the  nypophysial  stalk 
it  is  necessary  to  place  lesions  in  order  to  avoid  the  gross  and  bizarre  l^rpertrophy 
of  the  pars  intermedia  which  occurs  with  lesions  close  to  the  stalk. 

It  is  also  planned  to  investigate  the  area  controlling  ACTH  secretion  more 
thoroughly  and  to  see  if  it  is  posnible  to  place  lesions  that  will  interfere  with 
ACTH  secretion  as  much  as  previous  lesions  have  been  interfered  with  thyrotropin 
secretion. 

F)  Study  of  the  mechanism  of  action  of  stable  iodine  in  thyrotoxicosis. 

Objectives;  To  determine  the  mechanism  of  action  of  stable  iodine  in  ameliorating 
thjrro toxicosis  and,  secondaT-ily,  to  gain  some  insight  into  the  pathogenesis  of  thyrotoxi- 
cosis. 

Methods  employed;  Thyrotoxic  and  euthyroid  subjects  are  given  a  100  microcurie  tracer 
dose  of  1-131.  Twenty-four  ho\u*s  later  the  administration  of  30-60  mg.  tapazole  every 
8  hours  is  begun  to  prevent  reaccumulatlon  in  the  thyroid  of  1-131  broken  down  from 
endogenously  labelled  thyroxin.  In  vivo  counting  over  the  thyroid  is  made  by  means 
of  an  externally  placed  scintillation  counter.  The  thyroidal  secretion  rate  can  thus 
be  determined  by  plotting  on  semilog  paper. 

When  the  rate  has  been  established,  300  mg.  per  day  of  Nal  are  added  to  the 
regimen.  When  the  maxtmum  effect  from  iodine  has  been  obtained,  lO-lOO  xinits  of  thyrotro 
phin  are  given  daily  for  a  period  of  several  days. 

In  the  case  of  the  control  euthyroid  subjects,  thyrotrophin  was  frequently  given 
before  iodine  administration  was  begun. 
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^ftS^T^iH  ^*  ^f 4^T  ^T^  *^*  ^^"^^^  interferes  with  the  release  of  honnone 
from  the  thyroid  gland  in  thyrotoxic  subjects  but  has  little,  if  any,  effect  in 
euthyroid  subjects   It  has  also  been  found  that  iodine  does 'not  interfere  Sth  the 
stimulation  of  euthyroid  glands  by  exogenous  thyrotrophin. 

These  results  suggest  that  iodine  acts  in  hyperthyroidism  by  inhibiting  the 

S^^^v^iJ^r^^*'^''''^  ^"^"^  f"^  pituitary.  Thereforerhyperthy^idisai  S  W 
suprathyroidal  disturbance  and  not  solely  a  disease  of  the  thyroid  gland. 

Proposed  course i  The  project  is  at  present  almost  completed. 

Significance  to  the  proprram  of  the  lTist.^f.n-.«.  Studies  of  thyroid  adenomata  vlll  hn^ 
'  Ji'''°^^TJ"^  °^  the  problem  of  the  pathogenesis  of  thyroITcancer^^aSiuS^ 
ta-ther  knowledge  of  the  pituitary-thyroid  interralationshlp  will^^^de  SoteSiS  ' 
neans  of  controlling  abnormal  thyroid  growth.  P^viae  powntiai 
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"^^     PUBLICATI0H5  OTHER  THAI^  ABSroACTS  FRCM  THIS  PROJECT  DURIKO  CALEHClAR  YEAR  I95I*: 

,  Scow,  R.  0.  and  M.A,  Greer.  Effect  on  the  thyroid  gland  of  axparimental 
alteration  of  the  level  of  circulating  th3rroxln  in  mice  with  heterotopic 
pittdtaries.  Endocrinology  (In  press), 

,  Method  for  increasing  the  accuracy  of  the  radio  iodine  uptake  as  a  test  for 
thyroid  function  by  the  use  of  desiccated  thyroid,  by  M,  A,  Greer  and  G, 
Edward  Smith.  J.  Clin.  Endocrinol.  &  Metab.  U:  1374.,  1954-. 


HONORS  AND  AWARDS  TO  PERSCIWJEL  RELATING  TO  THIS  FROJECT  DURIHG  CALENDAR  YEAR 

I95U; 
Greer,  M.A.s  Invited  to  participate  in  meeting  of  Laurentian  Hormone  Conference, 

Mt.  Tremblant,  Canada,  Sei)t.  1954-. 

Invited  to  give  seminar  at  Howard  University,  November,  1954-.  (Dr.  M.A.Greer) 

M.  A.  Greer,  To  lecture  -  post-graduate  course  at  George/Washington  University 

Hospital,  October  1954. 

M,  A.  Greers  Invited  to  address  Thyroid  Study  Club  at  Atlantic  City,  May  2,  1954-. 

M.  A.  Greer:  Invited  to  prepare  a  section  on  Chemical  Composition  of  Thyroid  in  the 

Handbook  of  Biological  Statistics  by  the  Nat.  Res.  Council. 
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6.    Pathologic  Anatomy  in  ftie  Clinical  Center,    National  Institutes  of  Health 
PROJECT  TII'LB  ~° "'■ — ~- 


Dr.    Harold  L.    Stewart,    Chief,    Pathologic  Anatomy  Branch 
7^     Dr.   Louis  B.    Thomas,    Head,    Surgical  Pathology  and  Postmortem  Service 
PRINCIPAL  INVESTIGATOR(S)  ~ — 


8.  Drs.  Ellsworth  Alvord,  William  Banfield,   Raymond  Christensen,    Charles  Congdon, 

OTHER  INVESTIGATORS  _ __ ___ — _, 

John  Edgcomb,    Benjamin  Highman,   Albert  Hilberg,    Ed  Lerner,   Ladd  Loomis, 
Leon  Sokoloff,    Harold  Stanley,    Louis  Thomas 

9.  PROJECT  DESCRIPTION 

Objectives:        The  objectives  of  the  Surgical  Pathology  and  Postmortem  Service  in  the 
Clinical  Center  are  twofold:    first,,  to  furnish  a  diagnostic  service  in  autopsy  and 
surgically  removed  tissues,    and  second,    to  aid  from  a  naorphological  standpoint 
the  various  clinical  research  problems  which  are  under  study  in  the  Clinical  Center. 
To  accomplish  this,    there  are  in  addition  to  the  professional  staff,   numerous  other 
investigators  listed  under  item  8  who  from  time  to  time  work  on  particular  cases 
or  particular  problems  in  pathologic  anatomy  in  the  Department. 

Methods  employed:        The  methods  used  are  those  standard  methods  which  involve 
description  of  organs  and  tissues,   fixing  and  sectioning  of  this  material  and  the 
preparation  of  histological  slides.     These  methods  include  preparation  methods 
usually  used  in  a  Pathologic  Anatomy  Department  and  in  addition  because  of  the 
many  problems  of  investigators,    the  use  of  a  wide  variety  of  special  staining 
procedures. 

Patient  Material:        The  appended  chart  shows  in  detail  frie  human  material  in  the 
laboratory  during  1954.     It  lists  the  76  autopsies  performed  M'ith  an  Institute 
breakdown,   and  shows  that  during  the  year  over  8000  slides  were  cut.     Nearly 
5000  of  these  were  stained  with  a  variety  of  stains,    chiefly  hematoxylin  and 
eosin.     One  thousand  one  hundred  specimens  were  accessioned  in  the  Surgical 
Pathology  Service  and  the  Institute  breakdown  and  number  of  sections  prepared 
can  be  seen  from  the  chart.     Of  note  is  the  fact  that  66  frozen  section  reports 
were  made  during  the  time  of  surgical  operation  and  these  were  done  in  the 
module  set  aside  for  ftiat  purpose,    room  10N218.     In  addition  this  laboratory 
area  module  was  also  frequently  used  to  handle  tissue  under  sterile  conditions 
and  dissect  immediately  after  surgical  removal  so  that  portions  of  it  can  be 
(PLEASE  .iBD  SHEETS  AS  NECtSSARY  FCK  CONTINUATION) 
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used  for  special  chemical  or  bacteriological  reasons. 

Aside  from  the  attempt  to  provide  excellent  diagnostic  service  as 
far  as  surgical  and  postmortem  specimens  are  concerned,    there  also 
developed  during  the  year  the  particularly  important  function  of  furnishing 
certain  tissues  to  scientists  in  various  laboratories  at  the  National  Institutes 
of  Health.     There  are  at  present  approximately  25  scientists  at  N.  I.  H.   who 
have  current  requests  for  portions  of  particular  tissues  or  organs  on  file 
with  the  Department  and  on  many  occasions  it  is  possible  to  furnish  these 
investigators  with  fresh  human  material  for  their  research.     In  fact,   an 
average  of  approximately  12  of  these  investigators  are  contacted  at  the  time 
of  each  autopsy  done  in  the  Department. 

The  staff  of  the  Pathologic  Anatomy  Departnnent  participates  in 
numerous  conferences  in  the  Clinical  Center,     in  order  to  discuss  with 
clinical  colleagues  the  diagnoses  and  subsequent  course  of  various  patients. 
To  meet  this  responsibility  a  total  of  four  weekly  conferences  have  been 
established  in  the  Department.     One  of  these  is  the  Brain  Conference 
conducted  by  Dr.   Alvord  on  Monday,   an  Autopsy  Conference  on  Tuesday, 
a  Joint  Pathology  Staff  Conference  on  Wednesday  and  a  Surgical  Pathology 
Conference  on  Friday. 

Much  of  the  time  and  effort  of  the  staff  during  1954  was  used  for 
moving  into  the  Clinical  Center  and  establishing  a  smoothly  functioning 
Department,     During  the  coming  year  the  installation  and  routine  operation 
of  the  Department  should  be  completed  and  more  effort  on  the  part  of  the 
staff  can  be  made  for  the  work-up  and  study  of  material  examined  in  the 
Department, 
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PROJECT  DESCRIPTION 

Project  title:  MExfoliative  Cytology  as  Applied  to  Human  Diagnostic  Problems  and 

"~~~~~~~~~~~"    as  a  Research  Tool". 

Objectives;   The  Cytodiagnosis  Service  has  a  primary  objective  -  the  provision  of 
a  diagnostic  tool  to  the  clinician  for  the  early  diagnosis  of  malignancy  or  the 
detection  of  unsuspected  malignancy.  In  addition  attempts  are  being  made  to 
further  define  and  evaluate  the  cytological  criteria  of  malignancy,  the  specific 
differences  in  components  ofmalignant  cells,  the  significance  of  malignant  cells 
in  washings  from  surgical  wounds,  and  the  significance  of  cytologic  changes 
during  endocrine  therapy  or  chemotherapy. 

Methods  employed;  The  methods  are  those  of  routine  Papanicolaou  staining  and 

careful  cytological  screening  procedures.  These  are  done  with  concurrent  clinical 
evaluation*  Additioneil  methods  employ  special  techniques  of  preparation  of 
cytologic  specimens  for  better  preseirvation  of  cellular  components}  special 
staining  procedxires  for  specific  cellular  substances  and  structiires.  For  example, 
a  fluid  aspirated  from  the  pleural  cavity  is  first  stained  by  routine 
Papanicolaou  stains  and  heraatoxylin-eosin  stains.  In  addition  this  fluid  is 
separated  into  various  fractions  by  centrigugation,  some  portions  are  prepared 
by  clearing  with  a  sodium  chloride  solution,  some  portions  are  suspended  in  human 
serum,  etc.  Specific  stains  are  employed  for  specific  cellular  detail  such  as 
the  Periodic  acid  Schiff  reaction;  Best's  Carmine  stain;  Gomori's  acid  and 
alkaline  phosphatase  method;  Regaud's  method  for  mitochondria;  Laidlaw's  Method 
for  Dopa  Oxidase;  Foot's  modification  of  Bielchowsky's  method  for  reticulum,  etc. 
Comparison  studies  are  made  between  different  smears  of  exfoliated  cells  and  betveei 
smears  of  exfoliated  cells  and  tissue  sections,  particularly  in  instances  of 
therapy  problems. 
Patient  Material  (19$U  Calendar  Year)* 
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and  nucleiar  details  as  demonstrated  in  malignant  and  non-malignant  cells 
from  various  body  sites. 

An  attempt  will  be  made  to  provide  adequate  material  and  instruction 
to  those  physicians  of  the  National  Institutes  of  Health  who  desire  and 
request  such  material  and  instruction  in  order  to  further  their  pro- 
fessional knowledge  and  skills. 
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1«  Syrapo3iura:  Bronchogenic  Carcinoma,  Scfoliative  Cytology 

Potomac  and  Virginia  Chapters  of  American  College  of  Chest  Physicians, 
Oct.  31,  195U. 

2,  Vaginal  and  Cervical  Cytological  Studies  in  Mammary  Cancer  Patients 
Receiving  Hormone  Therapy. 

Transactlone  of  Inter-Society  Cytology  Council  November  195U» 
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Type  of  Material         Accessions    No.  of  Slides  Examined 

Vaginal  and  cervical  1011  2619 

Prostatic  50  270 

Gastric  12  6? 

Bronchial  68  339 

Misc.  Flxiids  251  1626 

(includes  woiind  washings)  

Totals  1392  ii9^l 

These  figures  do  not  include  the  last  10  days  of  December  195U, 

Major  findings:  At  least  3  unsuspected  carcinomas  of  the  cervix  uteri  were 
detected,  two  unsuspected  lung  tumors  dedected  and  the  primary  diagnosis 
of  two  other  lung  tumors  made.  Results  of  wound  washings  following  surgical 
procedures  indicated  the  presence  of  tumor  cells  in  several  instances* 

Studies  of  carcinoma  of  the  cervix  uteri  revealed  estrogenic  argyrophil 
secretion  patterns  in  all  cases  but  one,  although  most  patients  were  in  the 
menopause  and  showed  no  clinical  evidence  of  estrogen  activity. 

During  endocrine  therapy  of  breast  cancer  a  change  in  endocrines  given 
could  be  followed  by  the  study  of  argyrophil  secretion  patterns  and  cytologic 
details  in  cells  exfoliated  from  the  cervix  and  vagina. 

The  presence  or  absence  of  estrogenic  activity  in  young  girls  and  in  cases  of 
amenorrhea  was  determined  in  many  clinical  cases.  The  determination  of 
ovulatory  and  anovulatory  cycles  was  also  done. 

Significance  to  Cancer  Research;  Exfoliative  cytology  provides  an  extremely 
valuable  diagnostic  tool  to  the  clinician  in  the  vigorous  attempt  to  detect 
cancer  in  the  earliest  possible  stage  of  development  so  that  the  possibility 
of  curative  therapy  may  be  enhanced. 

Exfoliative  cytology  also  provides  a  method  whereby  hormone  and  chemical 
therapy  may  be  evaluated  when  it  is  not  possible  or  practical  to  remove 
tumor  tissue  for  biopsy  study  or  in  conjunction  with  biopsy  studies. 

lixfoliative  cytology  may,  by  the  study  of  wound  washings  after  siorgery, 
reveal  the  answer  to  the  perplexing  problem  of  recurrence  of  tviroors  in  spite 
of  surgical  excision  through  non-tvunor  areas. 

Studies  of  cellular  components  and  substances  in  cells  exfoliated  by  the 
human  or  by  experimental  animals  may  reveal  additional  information  regarding 
the  differences  between  malignant  and  non-malignant  tissue. 

Proposed  course  of  project;  Continuing  service  and  expansion  of  sei^ice  to 
Ihe  clinicians  of  all  the  categorical  Institutes  in  the  Clinical  Center, 
Mational  Institutes  of  Health.  Collaboration  and  assistance  in  evaluation 
of  various  clinical  research  projects  such  as  endocrine  therapy  of  cancer, 
chemotherapy,  surgical  wound  washings  and  evaluation  of  hormonal  balances 
in  the  female.  Continued  development  of  new  preparation  procedvires  for 
smears  and  fluids  and  new  staining  procedures,  as  well  as  applicability  of 
tissue  procedures  to  smears  and  fluids. 

A  continued  study  of  exfoliated  cells  with  special  emphasis  on  cytoplasraio 
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